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The ways in which the illiterate peo¬ 
ples of the earth adjust their modes of 
life to the civilization of the white man 
is now the objective of many inquiries. 
The rising tide of white culture has all 
but engulfed them. As residents of the 
United States or Canada we are con¬ 
scious of our surviving Indian tribes as 
little islands in this flood. We have been 
told that one by one these little clus¬ 
ters of aboriginal humanity are being 
drowned out, but this is an exaggeration, 
since few tribes have disappeared. The 
Indian’s resistance has been by no means 
low, nor has he been entirely inept in 
adjusting himself to our rapidly chang¬ 
ing economics. 

Before the great depression set in we 
gave the Indians a neck-breaking race to 
keep in sight of us, but now they enjoy 
a breathing spell. For a long time we 
hays pointed an aoeusing finger at them 
because they received food, clothing, etc., 
from the government, whereas now so 
large a part of our own population is 
dependent upon similar aid that it is the 
Indian's turn to call us to account for 
our extravagance and lack of initiative. 
However, the intent of this communica¬ 
tion is to consider certain aspects of the 
Indian’s struggle to keep in sight of 
white economic and social changes. It 
is tide attempt of the Indian to work out 


his destiny that calls for investigation 
by students of social processes. 

Most students of Indian acculturation 
have approached the subject from a psy¬ 
chological angle. They think of the In¬ 
dian idling in his cabin, depressed over 
his degradation and poverty, whereas his 
standard of living is now far higher than 
his aboriginal ancestors enjoyed. Few 
Indians living in the United States to¬ 
day were born before reservations were 
established, so much of what Indians in 
general know of the old economic life is 
tradition rather than reality. Further, 
they are rapidly becoming bi-lingual and 
literate. True, they cherish many old 
forms and beliefs, but so do their white 
neighbors. The Indians now ride in 
automobiles, go to picture shows, use 
radios, etc. Nevertheless it is apparent 
that they are not saturated with our 
national culture but straggling in the 
rear. It remains to be seen whether if 
the reservation Indian is really depressed 
such unhappiness is due to his conscious¬ 
ness of maladjustment to white culture. 
Whatever may be the truth here, it is 
the social phenomenon so presented that 
has intrigued many students and which 
is to-day a subject of exploration by the 
U. S. Indian Service and social anthro¬ 
pologists. 

Yet in all such studies the approach 
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has been almost wholly psychological and 
social, so it occurred to us that a biolog¬ 
ical approach might contribute some¬ 
thing additional to an understanding of 
the situation. The average reservation 
group of Indians is a community of 
about a thousand persons, and if we fix 
our attention upon this mass of living 
humanity, whose individuals are con¬ 
stantly changing through age, birth and 
death, we begin to be curious as to how 
these biological groups stand up under 
the impact of civilization. A guess 
might be that when first put upon reser¬ 
vations the strain of adjustment was 
greatest. Death and disease might then 
take the greatest toll, but as the Indian 
gained in his efforts to adjust his mode 
of life to new conditions, the losses would 
decrease. In other words, a history of 
death, birth, disease, etc., would be the 
first consideration. 

For such a study one needs good sta¬ 
tistics. Preliminary exploration con¬ 
vinced us that the Canadian Indian De¬ 
partment possessed the most accurate 
data, but that those for United States 
Indians, though less satisfactory, were 
usable. Accordingly we chose the In¬ 
dians of the Northern Plains as a test 
group—the Western Cree, Assiniboin, 
Gros Ventre (Atsina), Blackfoot, Blood, 
Piegan and Sarsi. These tribes are now 
living in Alberta, Saskatchewan and 
Montana. They reside on seventy reser¬ 
vations, administered under nineteen 
agencies. Seventy-four bands or social 
divisions are recognized, each of which 
occupies definite reserve lands and the 
population data for which are recorded 
separately. For this study we have used 
the totals for the respective tribal groups. 

The data were tabulated by Mrs. R. A. 
Sanderson, honorary life member, Amer¬ 
ican Museum of Natural History. 

Population History 

Our first concern is with the gross 
population history of these tribes. 
Table I shows that these Indians began 


reservation life with a population some¬ 
what greater than they now have, but 
that the low point was reached about 
1904. We think this means that for a 
time the strain of reservation life was 
great, but that eventually a turning 
point was reached. 

Such a gain in population might be 
brought about by an increase in the birth 
rate, a decline in the death rate, or both. 
So we next sought for data on births and 
deaths. The birth rates were compiled 
for these separate reservations, showing 
approximately 42 per thousand popula¬ 
tion for the whole group of tribes be¬ 
tween 1884 and 1934 (Table I). The 
rate was tabulated annually and the rate 
of 42 is an average per five-year inter¬ 
vals. The interesting point is that the 
rate is constant and probably is the same 
as the birth rate of these Indians in pre¬ 
reservation days. 1 In other words, what¬ 
ever the impact of white culture upon 
the physiology of these Indians, the re¬ 
productive function resisted effectively. 
Then, naturally, if population rose and 
fell with a constant birth rate, we must 
look to the death rate for an explanation. 
Incidentally we remark that 42 is a high 
birth rate, perhaps near the physiolog¬ 
ical maximum. 

TABLE i 

Population Cbanoss xn the Reservation Period 


1884 1904 1934 


Population .., 
Birth rate .... 
Death rate ... 


22,281 14,645 19,536 

42 42 42 

70* 52 83 


* EHtimated. 

Indian death rates were found highly 
variable. They vary also as between 
reservations. The highest rate for any 
year was 100; the lowest, 27. Our tables 
suggest that the lowest level of popula¬ 
tion was reached about 1904, but the 
total death rateB after reaching a maxi¬ 
mum peak about 1892 declined gradually 
to the present. 

1 Ferguson reports a similar constant rate for 
certain Oree reservations. Wissler, Proc. Nat. 
Acad. Sci., Vol. 22, No. 3, 1936. 
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Thus we find the death rate seemingly 
sensitive to the impact of reservation 
life. Yet the trend has been steadily 
downward from early reservation days, 
and though still much higher than the 
white rates for corresponding regions, we 
have good ground for predicting that 
eventually it will drop to the white level. 
Should the birth rate remain high, In¬ 
dians will then become conspicuous in 
our population, because each downward 
step in the death rate would further ac¬ 
centuate population growth. 

When these Indians were first placed 
upon reservations, disease took a heavy 
toll. The inclination has been to explain 
this as due to a depressed and discour¬ 
aged state of mind. This was a factor, 
but when people are thrown together in 
a new way, as in concentration camps, 
there is a rapid rise in disease. Placing 
these Indians upon reservations was 
analogous to a system of concentration 
camps and the government reports show 
that measles, colds, diphtheria, pneu¬ 
monia, etc., soon appeared, just as in a 
military camp for recruits. Hence, there 
seems no reason for assuming mental and 
emotional distractions as the chief causes 
for the high death rates. We note, then, 
that a few years after these Indians had 
been placed on reservations, the death 
rates turned downwards, this trend per¬ 
sisting to the present. 

However, officials in charge of reserva¬ 
tions regard their job as not complete 
until the death rates for the Indians 
under their care approximate those 
among the surrounding white popula¬ 
tion. They have implicit faith that when 
these Indians come to live like white peo¬ 
ple their death rates will approximate 
those of their white neighbors. This ex¬ 
pectation may not be fully realized, but 
our studies suggest that it will be ap¬ 
proximated. 

The reservation records show that 
changes in housing, clothing, food, etc., 
were progressive throughout the period 
1880 to 1985. The standards were set 


by the changing white culture, hence the 
foregoing means that these Indians were 
progressively adjusting themselves to 
white modes of life. The significant ob¬ 
servation is that since the initial shock 
of reservation life, the continued fall of 
the death rate has been coincident with 
progressive changes in the mode of life. 

Minors and Adults 

Students of population know that the 
hazards of life often vary with the age 
of the individual, and it has been ob¬ 
served that the death rates for age classes 
vary. The early records for the Indians 
studied recorded individuals by sex and 
classified them as minors and adults. 
This enables us to observe what happened 
to these classes in the population as the 
mode of life changed. If reservation life 
bore hardest upon minors, their numbers 
should decrease relatively. 

TABLE II 

Minors and Adults Among the Cube Indians Pbr 
Thousand Population 



1894 

1914 

1934 

Adults . 

564 

475 

467 

Minors 

436 

525 

533 


First we note the relative numbers of 
minors and adults among the Cree In¬ 
dians (Table II). In 1894 there were 
more adults than minors, but the relation 
is reversed in 1934. Our data for other 
tribes indicate the tendency to be for 
minors to increase from year to year 
after the beginning of reservation life. 
Such a relative increase suggests that the 
death rate for minors is falling. The 
death rate for adults is falling, too, but 
obviously at a much slower pace. We 
see, then, that reservation life is becom¬ 
ing relatively more and more favorable 
to minors. 

The reservation records for later years 
group populations under five arbitrary 
age periods, as in Table III. Tabulating 
these data, we find that age groups 0-5, 
6-15 and 65 + are increasing; 16-20 and 
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TABLE m 

Tebnd in Aon Quo dm Pm Thousand Population 
pob Tsbm Tbibbs—Malbb 


Ages 

1000 

1034 

6-6 . 

78 

98 

6-15 . 

99 

106 

16-20 . 

55 

47 

21-64 . 

240 

231 

65+ . 

19 

24 


21-64 decline. We observed this decline 
to be regular and the same relatively for 
each tribe. Thus even small differences 
became significant. 

Recalling that minors as a whole in¬ 
creased relatively we see that what actu¬ 
ally happened was that the children of 
ages 0-15 increased relatively, whereas 
persons 16-64 years decreased. This is 
to say that reservation life was favorable 
to the survival of children 0-15 years of 
age and increasingly so; also favorable 
to those of 65 +. On the other hand, the 
same mode of life bore hard upon indi¬ 
viduals 16 years and over. We should, 
then, like to know whether more IndianB 
died during the period 16-20 than later. 
Had we data for the ages of death the 
solution would be easy. 

Changes in Sex Ratios 

So much for age classes; we now turn 
to sex grouping. The first explorers in 
the northern plains noted the unusual 
excess of women; no count was necessary 
to reveal the male minority. In 1809 
Alexander Henry, the head of a fur¬ 
trading company, made a census of the 
tribes we are considering with the fol¬ 
lowing result: 4,823 men, 13,632 women, 
45,906 minors. We know nothing as to 
how this count was made, but the poten¬ 
tial consumption and production of the 
various tribes was of first importance to 
the trade. Any one reading Henry’s 
journal will be impressed by his pains¬ 
taking accuracy in all the affairs of life. 
Reducing Henry’s figures to relative 
terms there were approximately 74 men, 
212 women and 714 minors in a thousand 
population. As a test, we found that 
among a division of the Cree Indians in 


1904 there were 177 men, 212 women and 
611 minors per thousand population. 
This is the highest rato for minors ob¬ 
served by us, but other tribal groups ap¬ 
proach it, so there is nothing improbable 
in Henry’s census of 1809. In 1904 
men were more than twice as numerous 
as in 1809. Should our 1904 population 
have had a similar small number of 
males, the number of minors would have 
been as great as in 1809. For example, 
if in 1904 the men were reduced to 74 
per thousand, assuming that the others 
were killed in hunting and war and that 
there were no such losses among women, 
then the case would stand as in 1809. 
So the differences between 1809 and 1904 
are not distressing. Where the taking of 
more than one wife is good- form, the 
number of wives per man is entirely de¬ 
pendent upon the number of women. 

In the previous section we noted that 
on reservations the trend has been to¬ 
ward an equality and eventually an ex¬ 
cess of minors over adults. Such might 
be expected with a constant birth rate, if 
the relative number of males increased. 
So we turn directly to the relative num¬ 
ber of men and women. There is some 
evidence that when these Indians were 
placed upon reservations women were 
still in the majority. 

TABLE IV 

Total Ratio foe Tribes Studied 


Men ... 
Women 


1894 1984 


246 

326 


248 

232 


Since reservations were established 
about 1880, it is assumed that then 
women were more numerous than in 
1894. Even if the causes resulting in 
more women than men ceased to operate 
in 1880 the survival of women would 
easily account for a declining excess, or 
the observed trend. Taking 1809 as the 
starting point with 76 men per thousand 
the suggestion is that by 1894 the rela¬ 
tive number of men had risen to approx!- 
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mately one fourth of the population, but 
there was still an excess of women; how¬ 
ever, in 1934 the women were slightly in 
the minority. So as a general proposi¬ 
tion we can say that in aboriginal times 
men were in the minority, but that reser¬ 
vation life inaugurated a trend toward 
equality and eventually to an excess of 
males. 

Naturally the question arises as to the 
causes for such changes. There are at 
least two possibilities; more females may 
have been bom or the death rate for 
males may have been abnormally high. 
We have no data on the sex birth-ratio 
for the tribes studied, but among a Da¬ 
kota Indian community in the United 
States the ratio is about 106 males to 100 
females. This is similar to United States 
white and other national ratios. We can, 
however, shift our approach to the sex 
ratios for age classes. In respect to 
minors we note that for the Cree Indians 
the sex ratios of minors are compar¬ 
able, as: 

TABLE V 

Sax Ratios of Mi nous 



1904 

1919 

1929 

Male. 

249 

263 

253 

Female ... 

249 

26 6 

258 


On the other hand, female adults ex¬ 
ceeded males by about 15,14 and 10 per 
cent., respectively. This would seem to 
suggest that the relative loss of males 
was not conspicuous before twenty years 
of age. 

However, for two Cree reserves at 
Carlton, Canada, we have data for an 
age grouping. These reserves are still 
conspicuous for their continued excess of 
women. The peculiarity, however, is 
that males begin to fall behind after the 
age of sixteen years. Further, we had 
data for calculating the death rates in 
this group by sex, minors and adults. 
The average rates per thousand for the 
period 1899-1982 were: 


Inspection of the data indicates that 
the heavy losses among males come jnst 
after sixteen and return to normal at 
about twenty-five. Thus some hazard 
besets males between the ages of 16 and 
25. 

The most direct approach to an under¬ 
standing of this loss of males would be 
a study upon the ground, but that is im¬ 
practical at present. Anyway we believe 
the answer can be had from the data at 
hand. 

Wood Cree 

If our assumption that these observed 
trends are due to modes of life is justi¬ 
fiable, then wide culture differences be¬ 
tween Indian reservations should also 
register in population distinctions. The 
Indians represented in Table VI are 
known as Wood Cree and Plains Cree. 
A century or two ago all these Cree were 
Wood Cree, living chiefly on the edges of 
the plains but gradually drifting out into 
the open plains. When located on reser¬ 
vations, the lands assigned the Cree were 
on the edges of the plains, near the tran¬ 
sition forest zone. Those now called 
Wood Cree had not wholly taken to plains 
life when the reservation period opened. 
The true Plains Cree could no longer kill 
buffalo, so they were given rations. On 
the other hand, the Wood Cree could still 
support themselves in part by hunting 
and trapping in the adjoining forests 
and have so continued to this day. So, 
in brief, there is a wide difference be¬ 
tween the modes of economic life fol¬ 
lowed by the two divisions of Cree. 
Table VI shows the population differences 
between them. In number of minors 
Wood Cree lead; they have a marked 
excess of women over men; their birth 
rate is the same as other Indians, but the 
total death rate is lower. However, the 
exceptional Carlton death rate for minor 
males, and the lower number of males for 
the age group 16-20, occur in a division 
classed as Wood Cree. 

In an earlier paragraph we noted that 
the age group 16-20 was diminishing 


wonwi* 
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relatively among all Plains Indian 
groups; there was practically no differ¬ 
ence between males and females. Yet for 
the Carlton group the number of males 
in the 16-20 group was decidedly lower 
than females. This is consistent with the 
high death rate for all Carlton male 
minors. We think it safe to conclude 
that the sudden loss of males occurs at 
this time. 

As stated, these Wood Cree males en¬ 
gage in trapping and hunting, especially 
the adolescents and young adults. The 
hazards in such a life are great. The 
officials m charge of these reserves re¬ 
port that many male lives are lost from 
undue exposure and accidents incident 
to trapping excursions We see, then, an 
occupational hazard and one which could 
have operated in aboriginal times. If 
we add the hazards of the war trail in 
pre-reservation days, the scarcity of men 
in the census of 1809 is not surprising 
However, all such effects are directly 
traceable to social or cultural factors, 
and so it is the mode of life which con¬ 
tributes to such changes in population 
among the Indian tribes we have studied 

TABLE VI 

Wood and Plains Cuke 

Wood Cree Plains free 

Minors Adults Minors Adults 

MF MF MF MF 


1009 254 280 211 255 241 248 211 270 

1019 273 300 198 229 241 248 246 265 

1931 238 283 222 257 263 267 233 237 


Age-at-Death Profiles 

Population statistics for civilized 
countries present tables recording age- 
at-death, and the plotting of such fre¬ 
quencies gives interesting profiles. 
Clements 2 first called attention to some 
wide differences between such profiles for 
Indians, Negroes and whites. 

These differences result from varia¬ 
tions in the death rates for the respective 
age groups. Though for the Indian 

2 F. Clements, Human Biology , 3: 397-419, 
1931 


reservations studied by us there were no 
records of deaths, yet we noticed that 
when living Indians were classified ac¬ 
cording to age, the frequencies were dif¬ 
ferent from either white or Negro. For 
Indians we found that there were defi¬ 
nite trends in age grouping. On the 
whole they seemed to be approaching the 
white people, though slowly. So we came 
to suspect that as these Indians approach 
equality with whites in most of the de¬ 
tails of living, their age-at-death profiles 
will approximate those of the white 
population living around their reserva¬ 
tions. If so, the form of the profile will 
vary with the mode of life and doubts 
arise as to the existence of race differ¬ 
ences in such profiles. It seems fair to 
assume, then, that age-at-death profiles 
are not constant but reflect changes in 
mode of life. 

The quantity of Indian data available 
is hardly sufficient for a fair test of this 
assumption, but if the principle holds, it 
should follow that wide differences 
among white and Negro communities 
should register in their age-at-death pro¬ 
files. So we turned to the United States 
census. 

We chose Ohio and Louisiana as ran¬ 
dom samples of white population. Lim¬ 
iting our experiment to what the census 
classes as rural populations, we have pro¬ 
files as in Fig. 1. While these profiles 
have similarities, there are real differ¬ 
ences. For most of the states similar 
age-at-death tables for whites are given 
in the census, between many of which 
there are conspicuous differences. We 
think it is a reasonable assumption that 
these differences are due to differences in 
the social factors making up the complex 
we call the mode of life. 

Next we sampled the census tabulation 
of Negro deaths. This revealed regional 
differences, illustrated in Fig. 1. Again 
using Ohio and Louisiana as samples we 
observed that the Negro profiles differ 
from each other even more than did the 
white profiles. Again Negro and white 
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MG. 1. AGE-AT-DEATH FHEQUENCIES FOR WHITE, NEGRO AND INDIAN GROUPS 

IN DIFFERING ENVIRONMENTS 


THB DATA ABE FROM THE UNITED STATES BUREAU OF THE CENSUS, MORTALITY STATISTICS, 1928 J 
Twenty-ninth Annual Report, Washington, 1930. Compiled by Mrs. R D. Sanderson, 
Honorary Life Member, American Museum of Natural History. 
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0-20 YEARS 


-MALES* - ••• FEMALES 

FIG. 2. AGE GROUPING PER THOUSAND 
POPULATION FOR INDIANS AND WHITES 
Not® that thb Indian agk group 0-20 gains, 

WHEREAS AMONG WHITES THE GROUP 0-19 DE¬ 
CLINES. Adults decline among Indians but 

GAIN AMONG WHITES THE ELDERLY GROUPS GAIN 
IN BOTH. Sex DIFFERENCES are conspicuous j 
MALES EXCEED AMONG WHITES, FEMALES AMONG 

Indians. The Indian data are for Alberta 
and Saskatchewan, Canada, and the white 
data from the United States Census. 


differ in each case. We tabulated Negro 
data for a number of states ; Pennsylva¬ 
nia, Illinois, Wisconsin, California and 
the State of Washington presented the 
Ohio form of profile, Mississippi and 
Georgia a profile like that for Louisiana. 


As a further test we tried Negroes in 
Oklahoma, Kentucky and Maryland, 
finding their profiles intermediate to 
Louisiana and Ohio. 

The result of this experiment was sat¬ 
isfactory. The differences are real 
enough. We assumed that the total com¬ 
plex called 4 'mode of life,” in Ohio, for 
example, is not the same for white and 
Negro, nor is it quite the same as for 
whites and Negroes in Louisiana. 
Further, we doubt if any one would ex¬ 
pect the mode of life followed by Negroes 
in Ohio to be precisely like that of 
Negroes in Louisiana. 

It was not our intention to analyze 
these local white and Negro populations 
with a view to isolating the causes of the 
observed differences. Our problem lies 
with the Indian. However, if it is pro¬ 
posed that migration, inaccuracy in age, 
early marriage, birth control, education, 
etc., account for the differences, our ini¬ 
tial assumption stands, since these are all 
social factors embraced in the mode of 
life. Again, the reader may feel that we 
have not given disease its due. We do 
not claim that all deaths are due to mode 
of life, that would be absurd, but it seems 
probable that the number of young peo¬ 
ple dying between 15 and 25 years, for 
example, will vary greatly with the mode 
of life. The contrasts in infant mortal¬ 
ity between civilized and primitive 
peoples have long been recognized; the 
very high rate among primitive peoples 
is attributed to their mode of life. Dis¬ 
ease may well be something apart from 
mode of life, but the number of persons 
stricken and the number that die seem 
to vary with the social behavior of the 
group. 

The data for American Indians make 
it clear that the age-at-death curve has 
changed as the mode of life changed. 
The birth rates for the tribes we have 
studied remained stubbornly constant 
from the day they were forced to give 
up their free life and settle down upon 
reservations. The life upon reservations 
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called for a rapid change in mode of life; 
we find coincident changes in the death 
rates. Until recent years there were no 
reliable data for age-at-death ratios, but 
there were indirect data showing that the 
age-at-death ratios must have changed 
progressively. 

From the census we compiled Indian 
deaths for Arizona and South Dakota. 
These Indians do not live under the same 
conditions, and their original modes of 
life were widely divergent. Differences 
appear in their profiles, Fig. 1. Further, 
we found the profiles for the Indians of 
North Dakota, Washington, California 
and Ontario closely similar to South 
Dakota. On the other hand, New Mex¬ 
ico, Wisconsin and Alberta resembled the 
profile for Arizona. 

We have, perhaps, carried these illus¬ 
trations far enough to support the as¬ 
sumption that the age-at-death sex pro¬ 
files are sensitive to modes of life, 
including whatever other factors in¬ 
fluence the survival of the individual. 
However, it can be demonstrated that all 
Negro communities in the United States 
have some social factors in common, so 
have white communities and Indian 
tribes in the United States and Canada, 
which is consistent with some apparent 
general differences between white, Negro 
and Indian profiles. On the other hand, 
the wide differences within these race 
groups is consistent with the conclusion 
that these differences are not constant 
and chiefly dependent upon the mode of 
life. 

R£sum£ 

We have briefly explored such vital 
statistics as were available respecting 
certain Indians living upon reservations 
and in process of acquiring the modes of 
life pertaining to the surrounding white 


population. We noted that the popula¬ 
tion profiles for these Indians were deter¬ 
mined by varying death rates for sex and 
age groups. The marked excess of 
women we found due to exceptional 
occupational hazards for men, to which 
in pre-reservation days were added the 
hazards of predatory warfare. On reser¬ 
vations where occupations are now simi¬ 
lar to those of rural whites we find In¬ 
dian women and men now approximately 
equal. Age grouping revealed progres¬ 
sive changes among both males and 
females. The death rates for such 
groups showed changes coincident with 
changes in modes of life. In other 
words, the population profile was found 
sensitive to social changes in the group. 
A comparison of such profiles would then 
indicate roughly similarities in modes of 
life. We conceived the mode of life as 
a complex of practices favorable, neutral 
and unfavorable to the survival of the 
individual. The population profile 
would be the resultant of all factors 
operating, social and otherwise. The 
evidence so far suggests that the crude 
death rates for two tribes of Indians 
might be equal, but numerous variations 
in their modes of life result in distinct 
population profiles. 

The social sciences have now become 
interested in observing how such for¬ 
merly primitive groups as Indians ad¬ 
just their modes of life to white culture. 
The process of becoming a white man is 
often spoken of as acculturation. The 
Bureau of Indian Affairs in Wash¬ 
ington is now in need of a method by 
which reservations can be classified ac¬ 
cording to the degree of acculturation 
attained. The suggestion made here is 
that an improved system for recording 
vital statistics will furnish one index to 
acculturation. 
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The study of the effects of the sun on 
affairs on the earth opens many interest¬ 
ing possibilities. Aside from the more 
obvious changes that take place as the 
result of seasonal variations in the 
amount of sunshine, there are changes 
going on in the sun itself which may 
have far-reaching counterparts in terres¬ 
trial affairs 

Probably every one is aware that there 
is a more or less definite cycle of about 
lli years through which the sun passes 
from one disturbed condition to another. 
Whatever the effect of these physical 
alterations in the sun’s behavior may be, 
and whatever may be their ultimate 
cause, they are marked by the observa¬ 
tion of hurricanes m the solar atmos¬ 
phere; hurricanes that would make the 
most violent of our tropical disturbances 
appear insignificant in comparison. The 
storms consist of vortical whirls raging 
on either side of the sun’s equator. 
Clouds of hydrogen, calcium and the 
vapors of other elements spiral about in 
a clockwise or counter-clockwise direc¬ 
tion, attended by violent currents in the 
solar atmosphere. In the heart of these 
stormy areas the temperature is suffi¬ 
ciently lowered to produce an appreci¬ 
able darkening in the brilliancy of the 
solar surface, as seen through a telescope. 
These darkened areas which appear by 
contrast as black spots have been known 
as sun-spots as far back as the invention 
of the telescope in the early seventeenth 
century. Even prior to the telescope era 
disturbances of this character had oc¬ 
curred of such huge dimensions as to be 
recorded in certain instances by the 
naked eye, probably during the sunrise 
or sunset hours when the earth’s atmos¬ 


phere screens the harmful rays and al¬ 
lows one to see the reddened disk of the 
sun with the unprotected eye. 

Systematic observations of sun-spots 
have been made for more than 300 years 
so that the definite rise from minimum 
to maximum in the numbers of these 
spots has been well established for at 
least some 20 cycles. The last period of 
maximum disturbances occurred during 
the years 1928-29, July 1, 1928, being 
the approximate middle date marking 
the top of the last maximum of the sun¬ 
spot curve. The autumn of 1929 showed 
a large drop in the number of sun-spots 
which, incidentally, can be remembered 
by the season of a rapid fall in certain 
terrestrial markets. Sun-spots continued 
to decrease until they reached a mini¬ 
mum in September, 1933. Since that 
time, they have been definitely increas¬ 
ing and during the last year have gained 
rapidly in numbers and in size. 

The so-called “sun-spot number” is a 
characteristic figure derived from obser¬ 
vation and takes into consideration not 
only the actual number of spots but the 
number of the groups of spots as well. 
To reconcile the results of telescopes of 
various apertures a coefficient is intro¬ 
duced into the formula for deriving the 
sun-spot number of a given date. One 
characteristic in the development of the 
sun-spot cycle concerns the position of 
these spots on the sun’s surface. The 
disturbances invariably break out at 
relatively high latitudes on the sun. 
With the progress of the cycle the spots 
increase in number in both hemispheres 
and at increasingly lower latitudes until 
the maximum is reached in the neighbor¬ 
hood of solar latitude 20° either side of 


14 
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the equator. Thereafter the spots de¬ 
crease until the few survivors vanish 
within 4° or 5° of the solar equator. 
Almost never are spots seen higher than 
the latitude 40° or within less than 5° 
of the equator. 

Watching the spots for a few days in 
succession will reveal to one that they 
drift across the solar disk, showing that 
the sun rotates on an axis. From the 
motion of the spots it is found that the 
sun’s axis is inclined to the plane of the 
earth’s orbit some 7°. In June and 
December the earth is in the plane of the 
sun’s equator. Early in September the 
north end of the sun’s axis is tipped 7° 
towards the earth and, therefore, spots 
in the northern hemisphere of the sun 
having latitudes of tins amount may pass 
directly in a line with the earth Similar 
circumstances occur for the other hemi¬ 
sphere of the sun six months later. This 
has an important bearing on the question 
of the effects of sun-spots on the earth, 
since there is some evidence for believ¬ 
ing electrically charged particles may be 
propelled from sun-spots toward the 
earth when they are suitably located. A 
point on the solar equator is carried com¬ 
pletely around the sun with respect to 
the earth in just 27.3 days. At higher 
latitudes the sun rotates more slowly, 
and near the poles some 35 days are re¬ 
quired for one rotation. This, of course, 
shows that the solar surface consists of 
a luminous gaseous atmosphere. The 
difference in rotation at different lati¬ 
tudes causes, therefore, a shearing or 
dragging effect in the different zones 
which is most conducive to causing 
cyclonic whirling in the region of sun¬ 
spot zones. 

All sorts of fantastic calamities on the 
earth have been blamed on sun-spots. 
Droughts, floods, hurricanes, the produc¬ 
tivity of fur-bearing animals and the 
weather, even economic depressions have 
all come in for their share of correlation 
with solar phenomena. Whether or not 
there is any scientific basis for presum¬ 


ing such intimate relationship between 
the sun and the earth, the most conser¬ 
vative scientists are agreed that the 
characteristics of the mysterious earth’s 
magnetic field change step by step with 
the sun-spot cycle. More than 200 years 
of observations of the earth’s magnetic 
activity, as is evidenced by the wander¬ 
ing of a compass needle, substantiates 
beyond doubt that magnetic distur¬ 
bances on the earth accompany these 
solar disturbances that we call sun¬ 
spots. Not, however, until early in the 
present century did we have any clue 
either from the solar or from the terres¬ 
trial end as to why such a connection 
should be evidenced 

It was in 1908 that Dr. George E. 
Hale, founder and first director of the 
Mount Wilson Observatory, announced 
the true cyclonic character of sun-spot 
disturbances. As soon as it was evident 
that hot solar gases were whirling at ter¬ 
rific velocities about the sun-spot centers, 
it could be seen that if such gases were 
ionized or carried electrically charged 
particles, then huge currents of electric¬ 
ity must be flowing around the vortex 
creating a magnetic field within the sun¬ 
spot itself. Confirmation of this hy¬ 
pothesis came about through the brilliant 
demonstration of the changes in the fre¬ 
quency of the light waves emanating 
from the vicinity of sun-spots. It was in 
1896 that Zeemann showed in the labora¬ 
tory the effect of the magnetic field upon 
the behavior of light. Hale found the 
identical effect in the light from sun¬ 
spots, thereby showing unmistakably 
that the sun-spots in themselves were 
centers of powerful magnetic fields 
many times stronger than the magnetic 
field of the earth. Thus, from the solar 
end came the first clue as to the cause of 
magnetic changes in the earth accom¬ 
panying the occurrence of great sun-spot 
outbreaks. 

The second clue, this time one from 
the earth end of the chain, came about 
through the advent of the radio. In the 
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early days of wireless transmission it was 
thought that these electromagnetic waves 
traveled in straight lines and therefore 
could not be picked up at great distances 
on account of the curvature of the earth. 
Only by building higher and higher 
antenna towers was it thought possible 
to increase the range of wireless commu¬ 
nication by the early experimenters. 
However, some observers thousands of 
miles from the original wireless stations 
were eavesdropping and heard signals 
from the distant towers that were well 
beyond the limit forbidden by theory. 
Since observation is the last court of 
appeal in science it is obvious that the 
theory of wireless transmission had to be 
revised. 

It was then that Professor A. E. 
Kennelly of Harvard ventured the hy¬ 
pothesis that the upper layers of the 
earth’s atmosphere were electrified or 
ionized by the sun’s radiation falling on 
it and formed a conducting, and hence 
an excellent reflecting shell, for turning 
back toward the earth the wireless waves 
which had ascended skyward. The En¬ 
glish scientist, Heaviside, was seized with 
the same idea at about the same time and 
made a similar announcement a short 
time after that of Dr. Kennelly. In 
honor to the imagination of these gentle¬ 
men, radio technicians to-day refer to 
the ionized strata in the earth’s atmos¬ 
phere as the Kennelly-Heaviside Layer. 

With the advent of radio broadcasting 
stations for the public benefit, a new tool 
was now in the hands of the scientist for 
investigating new changes in the electri¬ 
cal state of the upper atmosphere. 
Austin, Pickard, Appleton and others, 
including the author, became interested 
in systematic measurements of intensity 
of the carrier waves sent out from broad¬ 
casting stations to see if by any chance 
long periods of fading or increasing in¬ 
tensity might not show some correlation 
with solar phenomena. By the time of 
the sun-spot maximum of the years 
1928-29, sufficiently quantitative results 


were in hand to prove beyond much 
doubt that the ionization or electrical 
condition of the earth's Upper atmos¬ 
phere responded promptly to the out¬ 
break or decrease of sun-spots. Combin¬ 
ing the knowledge gained from the 
magnetic character of the sun-spots 
themselves and the knowledge of the 
electrical condition of the earth’s atmos¬ 
phere obtained through radio measure¬ 
ments, it becomes possible to see how 
magnetic changes in the earth follow 
solar disturbances. The magnetic field 
of the earth is due partly to a kind of 
sub-permanent magnetism, apparently 
hidden within the earth itself, which ac¬ 
counts for the north magnetic pole some 
1,400 miles from the true geographical 
pole. It is also partly due to the mag¬ 
netic effect of the electrified shell of the 
earth’s atmosphere in rotation about the 
true geographical pole as the earth turns 
on its axis. The combination of these 
effects may well account for the diurnal 
variation in the direction of the compass 
observed at all magnetic observatories. 
Anything then which disturbs or 
changes the degree of ionization or the 
number of charged particles in this elec¬ 
trified shell of the earth ’b atmosphere 
will alter the amount of magnetism in¬ 
duced in the earth through the rotation 
of this shell. 

If we may suppose that electrons or 
other charged particles are ejected from 
the sun’s surface, then in the vicinity of 
sun-spots they would tend to stream 
away radially through the center of the 
spot guided by the electromagnetic field 
created by the spot itself. When sun¬ 
spots are near the sun-earth line, we 
should expect the most marked effect on 
the magnetic changes on the earth. 
From careful study of great magnetic 
disturbances between the years 1875 and 
1903, Maunder was able to show that the 
sudden commencement of such distur¬ 
bances in every ease corresponded to the 
passing of a large spot near the central 
meridian of the ana. The average time 
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elapsing between the meridian passage 
of a spot and the commencement of the 
corresponding magnetic disturbance on 
the earth has been found to be about 30 
hours. During these magnetic distur¬ 
bances on the earth we witness unusually 
brilliant displays of aurorae. A Nor¬ 
wegian scientist, Dr. Stormer, has shown 
that the gorgeous displays of the north¬ 
ern lights could be well accounted for on 
the supposition that electrified particles 
are entering the earth’s atmosphere at 
such times in unusual quantities. De¬ 
flected by the earth’s magnetic field these 
streams of particles tend to converge in 
the neighborhood of the north pole, thus 
increasing the ionization of the earth’s 
upper atmosphere in that neighborhood, 
causing incandescence or illumination 
similar to that caused by the cathode 
rays streaming through a vacuum tube 
similar to that employed for x-ray exam¬ 
inations. The greater frequency of 
auroral displays at sun-spot maxima 
appears to be an argument for the emis¬ 
sion of charged particles from the sun 
directed earthwards by the magnetic 
fields of sun-spots. 

Some scientists attribute the increased 
ionization of the earth’s upper atmos¬ 
phere to an increase in the ultra-violet 
light of the sun, which is presumed to 
take place with a general increase in 
solar activity. Observations by the au¬ 
thor, however, would seem to show that 
changes in radio reception follow more 
closely the outbreak of spots in the cen¬ 
tral region of the sun than a change in 
the intensity of the ultra-violet light 
frond the sun as has been measured dur¬ 
ing the last decade. Furthermore, if the 
Curve showing changes in the intensity 
of radio reception plotted against the 
occurrence of sun-spots in the central 
tone of the sun, and therefore near the 
&UHartfa line, be compared with a simi¬ 
lar plot based on the number of sun-spots 
Seen on the whole disk of the sun for the 

a*’yew* it becomes evident that the 
in radio intensity follow much 


more closely the curve of sun-spots in 
the central zone. This, then, seems to 
argue for a true sun-spot effect in ex¬ 
plaining the disturbances in the iono¬ 
sphere that affect radio reception. 

From time to time various reports 
appear to indicate that there is a close 
correspondence with the character of 
radio reception and changes in the 
weather. The presence of a 4 ‘high” or 
a “low” of barometric pressure appears 
to have considerable influence on both 
the intensity and the direction of the 
radio wave propagated from a given 
broadcast station. If, as appears to be 
the case, we have definitely established 
a relation between the behavior of radio 
reception and the occurrence of sun¬ 
spots, and if it should become substan¬ 
tiated that there is direct relation be¬ 
tween changes in the weather and radio 
reception, we shall perhaps find in the 
radio a new link to aid in answering the 
question often asked; “Is there any 
relation between sun-spots and the 
weather?” 

Quite apart, however, from any radio 
observations, H. Helm Clayton has 
found considerable evidence for changes 
in barometric pressure over the earth 
accompanying changes in solar activity. 
In years of sun-spot maxima he has 
shown 1 that the atmospheric pressure is 
lower in the equatorial region covering a 
belt of about 30° north to 30° south lati¬ 
tude. At this same time of maximum 
solar activity the pressure is shown to be 
higher in both hemispheres from about 
latitude 35° to 65°. There is also some 
evidence that the tracks of the highest 
and lowest or the familiar anti-cyclones 
and eyeiones which produce our short 
period weather changes migrates 
through a limited range during the 
11-year solar cycle. Dr. Abbot at the 
Smithsonian Institution has been mea¬ 
suring the intensity of the solar radia- 

*“Tfee Atmosphere and the Sea,” by Jtt* 
Heto Os|fem. Bamwmkm iNtoos Col 
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tion for several decades not only at 
Washington and California but at remote 
stations in Chile and Africa. With ap¬ 
paratus of great precision he has found 
that there is in general a falling off in 
the amount of heat the earth receives 
from the sun during sun-spot minima as 
recorded at all stations. A correspond¬ 
ing rise in the amount of heat received 
from the sun by the earth accompanies 
the rise to sun-spot maximum. The total 
range in the value of this solar radiation, 
or the so-called “solar constant,’’ is of 
the order of about 3 or 4 per cent. 

Perhaps one of the most remarkable 
and most romantic stories m science rela¬ 
tive to sun-spots and seasons of dry and 
wet weather is to be found in the work 
of Professor Douglass at the University 
of Arizona. Dr. Douglass has given a 
life-time to the study of tree rings. Many 
of us strolling through the woods have 
amused ourselves in counting the rings 
left in the stumps after a recent clearing, 
thereby determining the age of the tree. 
Perhaps fewer of us have been aware of 
the inequalities of the spacing of those 
same rings Where the annual rings are 
Widely separated we have the record of 
years unusually favorable to growth. 
Where the rings are narrow, we have 
similar records of years less favorable to 
growth. From the study of many thou¬ 
sands of trees, Dr. Douglass has been 
able to show very definitely that years of 
drought and relatively wet weather in 
the southwestern part of the United 
States show a close correspondence with 
the sun-spot cycle, The Arizona red¬ 
woods and the California sequoias ap¬ 
pear to have been recording years of 
maxima and yearn of minima in the 
movements of sun-spots even long before 
the invention of the telescope. To 
analyze the complex data which he col¬ 
lected, Dr. Douglass devised a special 
apparatus called a cyclograph, w!; ' 
proved a great aid in discovering these 
eyries hidden in tree-ring growth. 
While the 11-year son-spot cycle could 


be traced very definitely through the 
century, Douglass was much perplexed 
by the apparent lack of any significant 
cycles daring the latter part of the sev¬ 
enteenth and early part of the eighteenth 
centuries. In fact, his theory of sun¬ 
spots affecting tree growth broke down 
so exasperatmgly during this period that 
he nearly abandoned the idea of con¬ 
necting sun-spots with weather cycles. 
It was in 1922 that Professor Maunder, 
however, called Professor Douglass’s 
attention to the fact that old astronomi¬ 
cal records had turned up, showing a 
great dearth of sun-spots from 1645 to 
1715. This was cheery news, for it is 
obvious that the trees behaved just as 
they should have behaved in giving no 
definite indication of a sun-spot cycle 
during this interval. 

While Professor Douglass interprets 
the spacing of his tree rings in terms of 
periods of drought and wet weather, it 
seems not unreasonable to suppose that 
there may be other factors besides pre¬ 
cipitation which enter into the favorable 
growth of trees. Perhaps the amount of 
sunshine, variations in its quality and 
the proportional amount of heat and 
ultra-violet light in the sun’s beams are 
other factors favoring growth. The 
tree, therefore, may be looked upon as 
a biological specimen which has inte¬ 
grated all the favorable factors to growth 
which pass through eyries corresponding 
to cycles in solar activity. 

If trees, then, may be regarded as 
scientifie recorders of changes in the 
sun, one may well ask, “Are there other 
biological specimens which may in ope 
way or another be expected to respond 
to changes in the solar cycle! ’ ’ We have 
now to mention again the data that have 
been collected from the records of pelts 
of fur-bearing animals. That the Ham* 
her of rabbit petto reported appears to 
vary inversely with the sun-spot; earn 
may or may ndt show a causal relation 

in— ait* 
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eourw, have to suppose that the energy 
with which the trappers pursued their 
vocation had its effect upon the rabbit 
curve. Nevertheless, joking aside, the 
periodicities long observed in fur-bearing 
animals offer food for thought. One of 
the most puzzling difficulties in dealing 
with these even conspicuous cycles is the 
slow change in phase which one often 
encounters or what one might call a lag 
or lead of one curve with respect to the 
other which may accumulate through the 
years. 

There are other noticeable cycles in 
the affairs of the earth, such as those 
noted in the outbreak of epidemics, as in 
the case of poliomyelitis and diphtheria. 
The latter disease has a well-known 
seven-year period. The fact that this 
appears to show no relation to the solar 
cycle of 11 years may or may not have 
anything to do with the argument. The 
Ptolemaic astronomer who in the epoch 
of the geocentric theory observed that 
the opposition of Mars occurred every 
2.14 years would scarcely have thought 
that such a curious period had anything 
to do With the earth revolving about the 
sun in exactly one year. From the point 
of view of modern planetary theory, we 
know that it is the combined motion of 
the earth around the sun once a year and 
the similar journey of Mars about the 
sun once ih 1,88 years that is responsi¬ 
ble foe the synodic period of Mars of 2.14 
years’ duration. If, therefore, some 
organism producing human epidemics 
has a life cycle different from that of its 


solar activity may affect the sun’s radia¬ 
tion, which in turn directly or indirectly 
has its effect upon vegetation and pos¬ 
sibly ultimately even man’s behavior. 
At the Smithsonian Institution in Wash¬ 
ington, at the Mayo Foundation in 
Rochester, Minnesota, and at the Boyee 
Thompson Institute for Plant Research 
at Yonkers, New York, many interesting 
experiments have been made and are 
being made that have shown how the 
behavior of growing plants responds to 
the particular wave-lengths of light that 
are utilized in the experiments. The 
exposure of lettuce seeds to sunlight 
prior to planting appears to be very 
necessary to their germination. Apples 
may be artificially ripened by an extra 
dosage of ultra-violet light, giving that 
lustrous redness to the skin so desirable 
for the fruit vender. Young tomato 
plants, on the other hand, wither and die 
under exposure to the ultra-violet light 
from the mercury-quartz lamp. 

The effect of ultra-violet light as a 
prevention of rickets in animals is well 
known. Is it possible that we shall yet 
find that there is a relation between the 
quality of sunshine and the anti-rachitic 
vitamin D produced in plants! It has 
been found that the tissues of plants 
which ordinarily have little or no 
rachitic value are rendered more potent 
by irradiation from some source of ultra¬ 
violet light. An extra dosage of this 
ultra-violet radiation, if not exceeding 
two minutes, is followed by an increase 
In the amount of ash, calcium and phos- 


host, one or the other of these factors phorus in the leaves of certain plants, 
might vary With the 11-year solar cycle Not ail plants, however, respond In the 
afld jtet'give a Combined result of an same way. Cabbage, a vegetable corn- 
approximate 7-year period. This in it- pletely lacking in antirachitic proper- 
self is, of course, no argument for the ties, has shown no response to such Ultra- 
eclar effect upon disease outbreaks, but violet treatment. On the Other hand, 
merely calls attention to the fact that a alfalfa grown in Arizona mid cured in 
Me of ewMgoadmMe in the duration bright sunshine possesses a potency that 
«f sash cycle* with the soisr cycle is no is not found in the same pitted aore& fti 
’Brottbd to* rejeetist such connections. darkn«% It would appear that vitamin, 
? rft Is to speculate m the © or the ati-essential ergassernl i» Jp- 
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tion. Ultra-violet light from the sun, 
however, is not an unmitigated blessing 
and an over-dosage of sunshine may be 
injurious to certain sensitive plants. 

Is it possible that changes m the 
amount of ultra-violet and sunshine, 
which have definitely been measured and 
found to vary with the sun-spot activity, 
may be responsible for slight changes in 
the character of the crops? May it be 
that we shall sometime discover vintages 
in food as well as in wines due to changes 
in nature which are, as yet, not under 
our control? While, as we have men¬ 
tioned, ultra-violet light is stimulating 
to seeds, it is the green part of the solar 
spectrum which appears necessary to the 
normal growth of the seedling and the 
manufacture of the chlorophyll so char¬ 
acteristic of green plants. It appears to 
be the visible region of the solar spec¬ 
trum and the near but not extreme ultra¬ 
violet that enter into the process of 
photosynthesis. Just what effect small 
variations in the quality of sunshine may 
have upon the production of all the vari¬ 
ous vitamins that are essential to health 
and happiness we do not know. 

Medical science is beginning to find a 
connection, however, between the vita¬ 
mins we eat and our physiological be¬ 
havior. It would not be surprising to 
find through further investigation that 
the sensitive ductless glands upon which 
our temperaments and moods appear to 
depend are affected by the vitamins in 
the foods we eat and the degree or qual¬ 
ity of the penetrating radiation to which 
we are subjected. Perhaps some day we 
shall find that the psychology of the 
human race passes through periods of 
optimism and depression in some subtle 
way that depends upon changes in our 
terrestrial environment for which 
changes in the sun may be the ultimate 
origin. 

If such is the case, then the rather fan¬ 
tastic idea that sun-spots may have some¬ 
thing to do with economic cycles, as was 
so seriously proposed some years ago by 


Jevon, may have some foundation. 
When one examines curves of business 
activity such as those compiled from 
Dow-Jones averages or those of Colonel 
Ayres, of the Cleveland Trust Company, 
one is indeed startled by the similarity of 
the variations in the world economic 
situation and the activity that has been 
taking place on the sun during the last 
decade. The fact that the last sun-spot 
maximum coincided with the peak of 
prosperity in 1928 and 1929 and the last 
minimum occurred at the bottom of the 
depression in 1932 and 1933 may be a 
mere coincidence. When, however, one 
examines data further back in history, it 
is interesting to note that 5 of the 7 
greater depressions have followed in the 
wake of maximum disturbances on the 
sun. The sun-spot maximum in 1884 
was followed by the depression of 1885. 
The next maximum in the solar cycle was 
reflected in the depression of 1893 and 
189(5. When the sun-spots topped their 
market again in 1906, it was but a little 
more than a year before the panic of 
1907. Four and one-half years after the 
sun-spot maximum of 1917 came the de¬ 
pression of 1921 and 1922 The depres¬ 
sion of 1903 and the pre-war depression 
of 1914, however, find no counterpart in 
the solar curve. Of course, certain cir¬ 
cumstances in world affairs may have 
complicated the economic curve a bit and 
delayed or accelerated here and there 
certain terrestrial events over the sun’s 
wishes in regard to the matter. 

Seriously, however, human psychology 
and results of human behavior do re¬ 
spond to environment and probably to 
the condition of the atmosphere we 
breathe. We have all noticed how on 
some bright sunshiny days we feel ambi¬ 
tious, energetic and glad to be alive, 
while during prolonged, dreary rains we 
often become discouraged and inefficient 
in spite of our best efforts. Perhaps the 
weather was to blame and perhaps the 
character of the air had something to do 
with it. Every day the electrical condi- 
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tion of the atmosphere is being measured 
at the Department of Terrestrial Mag¬ 
netism at the Carnegie Institution in 
Washington. It has been discovered 
that the number of large ions increases 
after sunset, whereas the number of 
small ions increases during the early 
morning hours. Perhaps here is a dif¬ 
ference in the quality of day and night 
air of greater importance than humidity. 
Recent experiments at the University of 
Frankfort by Professor Dessauer have 
indicated that patients exposed to air 
containing a large number of the posi¬ 
tively electrified ions develop a feeling 
of fatigue, dizziness and headache. As 
the positive ions were slowly removed 
and new negative ions created within the 
air-conditioned room, fatigue and head¬ 
ache gave way to exhilaration. The in¬ 
halation of negative ions at frequent 
intervals over periods of several weeks 
has been found to generally improve con¬ 
ditions of high blood pressure in 80 per 
cent, of the cases. Whether the charac¬ 
ter of the ions in the lower atmosphere 
is materially affected by changes in solar 
radiation with the sun-spot cycle, we 
have as yet insufficient evidence to deter¬ 
mine. The question of the electrical 
potential drop from the atmosphere to 
the ground is a subject of only relatively 
recent investigation. Meanwhile, i % e- 
searches in medical circles and biological 
laboratories give increasing evidence as 
to the electronic character of all our 
physiological processes. 

Such speculations as those in which we 
have just indulged are, at present, with¬ 
out much scientific foundation but offer 
sufficient food for thought as to nourish 
a wholesome state of openmindedness 
without which scientific progress in new 
and untrodden fields can not be made. 

Differentiating then between such 
facta as have been definitely established 
by dbservation from such interesting top¬ 
ics as those which intrigue our imagina¬ 
tion, we may summarize briefly the 


present state of our knowledge as to the 
effect of the sun on human affairs. 

(1) We definitely know of the exis¬ 
tence of sun-spots as terrific cyclonic 
storms in the solar atmosphere generat¬ 
ing powerful electromagnetic fields. 

(2) Sun-spots come and go in definite 
cycles of approximately eleven years’ 
duration, a fact which has been estab¬ 
lished from at least three hundred years’ 
observations. 

(3) Magnetic changes in the earth are 
definitely known to accompany the rise 
and fall of sun-spots. This fact rests 
upon careful observations of variations 
of the compass and measurements of the 
strength of the earth’s magnetic field for 
over a century. 

(4) Auroral displays are known by 
actual observation to be more numerous 
and more brilliant at times of sun-spot 
maxima That the auroral displays are 
due to electric discharges in the high 
atmosphere produced by electrified par¬ 
ticles emitted from the sun appears to be 
the most workable hypothesis to account 
for auroral phenomena 

(5) The close correspondence between 
the character of radio transmission and 
the sun-spot numbers appears to lie be¬ 
yond any reasonable doubt as a result of 
quantitative measurements made during 
the last fifteen years. 

(6) The theory of propagation of 
radio waves presupposes the existence of 
an ionized region of the earth’s atmos¬ 
phere, the ionization of which is chiefly 
produced by the ultra-violet light of the 
sun, which may be seriously modified by 
the bombardment of electrified particles 
emanating from the sun during the oc¬ 
currence of sun-spots. The fact that the 
behavior of radio reception responds 
more closely to the occurrence of spots 
in the central zone of the sun and, there¬ 
fore, near the sun-earth line is a strong 
argument for a theory of corpuscular 
emission from the sun-spots themselves. 

(7) Changes in both the amount and 
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quality of solar radiation with the sun¬ 
spot cycle have been definitely estab¬ 
lished by quantitative measurements of 
the Smithsonian Institution and of the 
Mount Wilson Observatory of the Car¬ 
negie Institution. The Smithsonian In¬ 
stitution has found a 3 or 4 per cent, 
variation in the total quantity of radia¬ 
tion emitted from the sun; and the 
Mount Wilson Observatory has shown 
that the proportional amount of ultra¬ 
violet light varies from day to day and 
year to year, the ultra-violet light m gen¬ 
eral being strongest near a sun-spot 
maximum 

(8) The effect of sun-spots on biologi¬ 
cal behavior appears to have been estab¬ 
lished beyond contention through the 
growth of trees whose ring patterns have 
been definitely shown by Douglass to 
show the sun-spot cycle through the cen¬ 
turies. 

(9) The possibilities that the changing 
quality of solar radiation may affeet 
directly the growth and character of the 
foodstuffs we eat and the consequent 
behavior of ductless glands is a problem 
for future investigation. 

(10) The fact that one's physiological 
and psychological behavior depends 
upon the movements and charges of the 
ions or electrified particles in the air we 
breathe results from definite experi¬ 
ments already performed The possibil¬ 
ity that the movements and character of 
these ions of the lower atmosphere 
change with the sun-spot cycle is at 


present speculative but is open for inves¬ 
tigation. 

(11) The question of the effect of the 
solar cycle on the weather is highly com¬ 
plex, but sufficient evidence seems to 
have been presented to give a basis for 
believing that .storminess on the earth 
migrates through definite cycles, which 
follow in general the cycle of solar 
activity. 

(12) The dependence of economic con¬ 
ditions upon weather, on the physiologi¬ 
cal and psychological behavior of man, 
appears to he a reasonable assumption 
The connection between this assumption 
and changing solar conditions is at pres¬ 
ent highly speculative, but may be taken 
sufficiently seriously as to open up defi¬ 
nite fields of investigation. 

Much of the above facts as have a defi¬ 
nite scientific basis are sufficiently 
numerous to lead us to believe that the 
sun may have more far-reaching effects 
upon terrestrial affairs than we have 
been accustomed to suppose. Specula¬ 
tions are always entertaining, but if real 
progress is to be made, one can not over¬ 
emphasise caution against drawing con¬ 
clusions which scientific evidence is not 
sufficient to justify. On the other hand, 
unwarranted dogmatism as to the non¬ 
existence of some of the relationships 
between the sun and the earth upon 
which we have speculated is inconsistent 
with the spirit of openmindedness which 
looks toward the scientific conquest of 
the unknown. 
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Early in the morning of October nine¬ 
teenth we bade good-bye to Engle, while 
Raven, McGregor and I embarked on the 
big river steamboat Kigoma for a nine or 
ten days' trip down the Congo. This 
boat was a stern-wheeler made in Pitts¬ 
burgh, Pennsylvania, after the pattern 
of the big boats on the Ohio River, but 
the superstructure had been built by the 
Belgians. It was very shallow and broad 
and could come so close to the bank of 
the river that only one or sometimes two 
long planks were necessary for a gang¬ 
plank. As on the Lualaba River, landing 
was effected after two powerful blacks 


had plunged into the river with steel 
cables, one at the bow and one at the 
stern, and after swimming to the bank 
had passed the cables around some stout 
trees. 

The river below Stanleyville widened 
out and was dotted with islands. Tribu¬ 
taries flowed into it at frequent intervals. 
The jungle seemed to differ from that on 
the Upper Congo (Lualaba) in the 
abundance of rattans, which are semi- 
parasitic palms that have become like 
vines, with long leaf-tendrils that eling 
to the other trees. Much of the jungle 
looked as if it were subject to occasional 
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AT THE EDGE OF THE JUNGLE 



TURNING POTS BY HAND. 
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flooding. With our field glasses we could 
watch the many kinds of birds in this 
forest, but hippopotami and even croco¬ 
diles were seldom seen by any of us. 
Every few hours we stopped at a village 
to take on wood and late in the afternoon 
we would tie up at some town or village 
for the night. 

At the wood stations the people were 
fairly primitive, living in oil-palm 
houses Here we could see an amusing 
melange of nearly naked savages and a 
few sophisticated and superior persons 
with at least parts of white men’s cloth¬ 
ing. At one village, strung along a high 
bank for perhaps a third of a mile, a 
native chief, riding a nickel-plated bi¬ 
cycle and attired in white duck suit and 
sun helmet, rode parallel to the steam¬ 
boat the length of the village, bowing 
grandly to the admiring blacks that 
swarmed on our main deck. There were 
also large towns with many nuigasins or 
trading shops, where the native products 
were bought and European-made mer¬ 
chandise sold by great companies that 
have stations all over the Belgian Congo. 

At Basoka (October 20) a town where 
* 4 all the world” was gathered to see the 
steamboat come in, 1 had the opportu¬ 
nity of observing a characteristic inci¬ 
dent of the native folk ways One family 
of nearly naked savages had come up in 
a canoe to buy or sell or merely look on 
They had drawn up the canoe on the 
bank and had left in it a very tiny naked 
boy to mind his baby brother. It was 
amusing to see how faithfully he held the 
baby on his lap and acted as nurse to the 
rather fitful infant. When the whistle 
blew the baby began to bawl, but his 
gentle efforts to quiet it were soon suc¬ 
cessful. 

Among the crowd on the bank at an¬ 
other town, a boy of perhaps nine was 
making a determined and insistent attack 
upon a somewhat larger boy, punching 
him in the face aiid body. One man tried 
to stop the aggressor, who broke away 
and pursued his retiring opponent. 



—Photograph by J . H\ McGregor 
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Then another man tried to atop him, and 
then a woman, with as little result, the 
attack and retreat lasting until the com¬ 
batants disappeared in the crowd. None 
of the adults seemed angry and they did 
not jabber as much as they would ordi¬ 
narily. A fellow passenger who knew 
well the ways of the natives told mp that 
very likely the persons who tried to stop 
the boy were relatives who did not wish 
to be disgraced by his unseemly behavior, 
or who possibly knew more of the merits 
of the quarrel than we did But, my in¬ 
formant said, if the boy is really a persis¬ 
tent trouble-maker, severe measures will 
be taken with him. First, his uncle and 
several other men may force him to run 
a gauntlet, inflicting a severe beating 



~*~Phatotfmpk bp B. 0 . Raven. 
PERMANENT EMBELLISHMENTS. 


upon him. If after this punishment he 
later becomes known as an incorrigible, 
he will have red pepper rubbed into his 
eyes. So here for a moment the veil was 
lifted upon the lurking ferocity of the 
ordinarily genial arid 16ng~snffering na¬ 
tives, who in many parts of Africa inflict 
a most terrible form of mutilation upon 
girls at puberty, in the name of old cus¬ 
tom and religion. 

At one town we had the pleasure of 
seeing a baby chimpanzee playing on the 
front lawn of a pleasant villa, who did 
not hesitate to make friends with the 
strangers. His very lively, almost ag¬ 
gressively friendly disposition was char¬ 
acteristic of his race and in wide con¬ 
trast to the lethargic movements and 
reserve toward strangers of many young 
gorillas. 

Among the crowds of interested black 
spectators was a Negro albino, a most 
unholy-looking individual with pale and 
yellowish-pink freckled skin, unpig- 
mented iris, squinting eyes and light 
hair. He was one of several Which we 
saw in the Belgian Congo. Beautiful 
brown skins of slightly reddish tinge 
seemed to us far more abundant than in 
the Kivu region, and we did not know 
whether this was due to the infiltration 
of white blood, which on the Lower 
Congo River must date back several cen¬ 
turies, or was merely an expression of the 
astonishing variability of the Negro race, 
as it was often coexistent with purely 
negroid nose, lips and hair. 

As Lisala (October 22) we saw a large 
blue butterfly with very long wings and 
bird-like flight. Here we climbed a very 
high bank, including long flights of 
steps, to what was at one time the level 
of the river, and from the top we could 
look over to the far-distant bank of the 
other side, with many an island and 
channel in the present flood-plain. In a 
long walk through the native town we 
saw several little girls making garlands 
for each other; they looked especially 
charming. Then we saw and photo- 
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graphed an old woman, bending under million years old by the “radium 
a heavy load. Khe was adorned with method’’ of the physicists. Its great 
elaborate patterns of wart-like cicatrices, geologic age had not mellowed its dispo- 
arranged in neat rows and curves on her sition, however, as it bit viciously at an 
forehead, nose, cheeks, breast and abdo- admiring finger. The woman that owned 
men. Strange to say, the general effect it, too, crabbedly refused to be tempted 
was rather decorative. Two young girls by francs and curtly dumped it into the 
with similar adornments were next glad pot. Almost immediately afterw r ard 
to pose for their photographs. Then we my temperature went up another de- 
wen t on down a long mountain path to gree or two at the sight of a dead 
a stream where native women were tread- Polypterus , like the one already eulo- 
ing and squeezing out the oil from the gized in these pages. After returning to 
nuts of the oil palm. the steamer I found one of the parvenus, 

At one village where we stopped to or recent intruders among these ancients, 
take on wood (October 24) I was galva- in the form of a good-sized carp of the 
nized by the sight of a large living genus Barbus, representing a prevail- 
Protoptems in a wooden bowl in front of ingly northern family, which according 
a native house. This thrice-venerable to the best evidence at our disposal could 
lung-fish is the lineal descendant of the not boast of more than a million or two 
fossil lung*fl$hes of the Devonian period, years of residence south of the African 
rocks from this period being provision- Mason and Dixon line, 
ally estimated to be about three hundred Another relic of vastly more ancient 
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times was a six-inch centipede, which in¬ 
sisted on crawling up Mr. Raven’s leg 
while he was taking a shower bath in a 
dark cabinet. Perhaps the cold water 
made the beast sluggish, for it did not 
attempt to bite. Raven calmly brushed 
it off and then called the deck steward 
to come and remove the wooden grating 
under which it was hiding. The darkey 
very gingerly dragged it out with a stick 
and it was lost to science by being thrown 
overboard 

We found Coquilhatville (October 25) 
to be a very progressive and smart-look¬ 
ing modern city with a large native set¬ 
tlement, both of which we viewed on our 
auto ride to Eala, which is one of the 
great botanical gardens of the world. 
For mile after mile we drove through 
plantations of coffee, cacao, rubber and 
many other trees, passing at the end 
through a long tunnel formed by closely 
over-arching bamboos The catalogue of 
this Botanical Garden includes several 
hundred species of trees, bushes and 
plants, which can be furnished in quan¬ 
tity as slips, seeds or cuttings to any part 
of the Belgian Congo. This enables the 
Belgians to plant thousands of trees 
along the automobile roads and to raise 
great crops of wood from such rapidly 
growing trees as eucalypts, which are 
planted in groves in formerly devastated 
areas. 


On the very high bank of the river at 
Lukolela (October 26) there were exten¬ 
sive formations of laterite, a kind of 
reddish “pudding stone” of quite recent 
solidification, very abundant in many 
parts of Africa and covering the older 
geological formations. Here also, as in 
so many other regions, many of the oil 
palms bore abundant nests of the bustling 
yellow and black weaver-birds, who man¬ 
age somehow to weave the tough, pouch- 
like nests and line them with fine 
material. 

As we went on down the river below 
Coquilhatville (October 27) it first 
widened out greatly, being almost lake¬ 
like, and then gradually narrowed again 
as it approached the “water-gap” lead¬ 
ing to Stanley Pool. 

Below Bolobo an insane passenger, a 
sick man on his way to Belgium, locked 
his poor wife in the stateroom and then 
leaped over the rail into the river. A 
boat was sent out and the Kigoma circled 
around for a long time, but only his 
floating sun-helmet was retrieved; the 
body was swept down the swift current 
and so far as we heard was never recov¬ 
ered 

We were delighted to find that two of 
our neighbors in nearby cabins on our 
deck were young geologists, who had 
been making maps and special studies in 
certain parts of the Belgian Congo. One 
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of them, M. Lohest, was the son of the 
late Professor Lohest, who some years 
ago entertained Dr. McGregor when the 
latter was studying the fossilized human 
crania found in Belgium and France. 
He and the other young man, M. 
Staquet, helped me greatly in interpret¬ 
ing the geological features which 1 had 
been observing on the way down the 
river. For we were now (October 28) 
passing by great cliffs of the ‘ ‘ Lubilaclie ’ ’ 
formation, mostly buff-colored sand¬ 
stones, which had been laid down pre¬ 
sumably in fresh water in Triassic times 
but had been cut through by the present 


river in quite recent geologic times. Be¬ 
low Black River and above Stanley Pool 
the river makes a sharp swing toward the 
southwest as it passes through the moun¬ 
tains. Here at sunset one could gain a 
view of dark mountain wedges in the 
foreground and hazy barriers in the dis¬ 
tance. 

At a village some way up the moun¬ 
tain on the left bank in this region the 
headman, who wore a massive neckband 
of incised brass, showed us some huge 
clay vessels which he said were filled with 
“goobas”; when he handed us some of 
these, we recognized the peanuts of our 
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RIVER RCENE NEAR LUKOLKLA. 

The people have brought their sick folk to the hospital, leaving their canoes at 

THE SHORE NEAR BY. 


southern states, where 4hey are fre¬ 
quently called by this name As the pea¬ 
nut is supposed to have originated in 
Brazil, it may have been introduced into 
the Congo Basin by some early slave 
trader or missionary. 

On the morning of October 29 we 
passed into the great expanse known as 
Stanley Pool, which is flanked on the 
north bank by buff-colored cliffs of the 
Lubilache formation (wrongly regarded 
as crave or chalk by some Belgians). 
Kinshassa, the end of our ten days on the 
river boat and the largest city in the 
Lower Congo, is near the lower end of 
the pool. 

At Leopoldville, which is immediately 
west of Kinshassa and continuous with 
it, we were invited by the Reverend 
Emory Ross to visit the American Bap¬ 
tist Mission. Here I saw a building 
which dates from Henry M. Stanley’s 
time. Mr. Ross told me that one old 
Negro, now connected with the mission, 


had been present as a baby when there 
was a fight between the natives that were 
with Stanley and those that were oppos¬ 
ing his advance. In this fight Stanley’s 
men killed the men in a certain village 
and carried off the women, including this 
man’s mother and himself 

While staying at Kinshassa we made 
two visits across the river to Brazzaville, 
which is the seat of the governor-general 
of French Equatorial Africa. Here we 
saw clearly for the first time representa¬ 
tives of the tall, very black Negroes from 
West Africa, who are dressed in volu¬ 
minous white robes. Governor Antonetti 
received us at his villa with great cour¬ 
tesy and gave us a letter to Governor 
Marchand of the French Cameroon, 
where we had decided to go in search of 
the West African gorilla. 

Meanwhile we had given up our plan 
of going back up the Congo River to the 
Sanga, as we learned that it would be 
several weeks before the next boat started 
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and that it would be a twelve-day trip. 
We accordingly decided to take the 
“Chargeurs Reunis” line from Matadi 
up the west coast, and to get off at 
Douala in the French Cameroon and 
then go inland. 

Brazzaville stands in wide contrast to 
the bustling Belgian cities to which we 
had become accustomed. It is a much 
older, rather sleepy place, sprawled over 
a wide territory. But an artist could 
have reaped a harvest of interesting color 
sketches of the natives. Their highly 
varicolored garments were often bleached 
out by the rain into pleasing soft tints, 
and it seemed to me that even the pat¬ 
terns were more reminiscent of French 
art and less crude and commercial-look¬ 
ing than those to which we had become 
accustomed on the Congo River. 

Yellow-brown Chinese coolies working 
on the railroad afforded a strange con¬ 
trast to the black and reddish-brown 


people by whom we had so long been sur¬ 
rounded. In Brazzaville there were more 
tall black men with good beards than in 
the Kivu region, and everywhere we 
received suggestions of North and West 
African influences. 

The small ferry boats that run across 
the broad river between Brazzaville and 
Kinshasa were run by black engineers 
and captains; the latter seemed to be 
efficient in managing the boats in the 
river currents. On the way home from 
Brazzaville the sunset as seen behind 
Stanley Pool was so stupendous as to 
defy description, but it stands out in my 
memory as the peer of any I have ever 
seen, either in the tropical Pacific or in 
Africa. 

One of our fellow guests at the hotel 
in Kiushassa had a large crate full of 
young parrots, which he and his wife 
were taking back to Europe. At night 
the crate was set on the veranda just out- 



—r tiUeicH from author's notebook. 
SUNSET NEAR BLACK RIVER. 





32 


THE SCIENTIFIC MONTHLY 


side our windows and the little dears 
started their all-talking performance at 
sunrise. As they were not English- 
speaking parrots I trust they did not 
remember any of the bad language they 
might have overheard, if they had 
stopped to listen. 

At Kinshassa we left our two black 
boys Poussini and Musihri with *11 their 
wages and presents, together with the 
passage money back to their homes on 
the other side of Africa. Matambele had 
stayed with Engle at Stanleyville. 
Raven rehearsed carefully with them 
each stage of the journey, which they 
learned very well as they had good mem¬ 
ories and were by no means stupid. But 
as it proved impossible for us to buy the 
tickets in advance for third-class pas¬ 
sengers, Raven warned them that if they 
wasted their money and did not buy 
their own tickets at each stage of the 
return journey, they would fall into the 
hands of the police They promised 
solemnly to follow this good advice, but 
Dr. Engle learned later that they were 
still at Kinshassa. However, in a coun¬ 
try where so many young men wander 
far from home this was nothing unusual 
and we can only hope that their experi¬ 


ences with us and our letters of recom¬ 
mendation, added to their native talents, 
stood them in good stead in getting 
places as cook and general servant, 
respectively. 

From Stanley Pool to Matadi the 
Congo is unnavigable for large boats, 
since as it descends from the continental 
plateau to the coastal plain it abounds 
in rapids and falls. Hence the vast in¬ 
land waterway of the Belgian Congo can 
at present be linked to the seaboard only 
by means of a railroad which pierces the 
crystalline mountains that mark the 
western bulwarks of the continent. Ac¬ 
cordingly at Kinshassa we took the train 
for a long day-and-night ride over the 
mountains to Matadi on the Lower 
Congo, the Belgian port for ocean-going 
vessels. We stopped for supper at Tliys- 
ville in the mountains, a town named for 
General Thys, the engineer who forced 
the railroad through this desolate coun¬ 
try at the cost of fearful mortality among 
the workers. Here the finely plaited 
rocks of the? Lower Congo system are 
exposed, and it was a great satisfaction 
to have many new glimpses into the 
foundations of the continent. 


(A further article in the series entitled {t In Quest of Gorillas M will be printed next month,) 



THE JIBARO, AN AMERICAN CITIZEN 

By Professor WILLIAM H. HAAS 
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The Jibaro is an American citizen of 
whom relatively few Americans are 
aware and in whom they may take little 
pride. Although an American citizen, 
lie knows not the meaning thereof and 
may not even be aware of the high honor 
tlirust upon him by official decree How 
should he know and why should he be 
thankful, never having been taught nor 
affected by the transfer of his allegiance 
in which he took no part. In his own 
circumscribed and prescribed thinking 
he is the same Jibaro, no matter what 
the citizenship, no matter what the form 
of government or by whom it is admin¬ 
istered. He doesn't bother about citizen¬ 
ship; it is food that he wants Life to 
him goes on m the self-same, humdrum 
way with no vision beyond that of his 
ancestors generations and generations 
ago. He, in a measure, is to Puerto Rico 


what our 4 ‘Southern Mountaineer" is to 
eastern Kentucky. He, like members of 
other isolated groups, has become lost in 
the hills, with little contact economically 
or politically with world movements. In 
fact, history has ignored him and passed 
him by, as have also the comforts and 
conveniences that make the life of the 
average American so rich and full. All 
this has left him in his loneliness of 
thought and action and misery. 

The Jibaro is very definitely a product 
of his environment He is a little more. 
He is not only a part of all that he has 
met but also a part of Indian, Spanish 
and Negro cultural elements fused into 
one Were it not for the fact that he 
makes up the bulk of the population of 
Puerto Rico, he might be passed by as an 
oddity, a misfit, meriting only a dilet* 
tante interest, as in the main has been 
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The beauty or the island is in sharp contrast with the misery or *hb JIbaro. 
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accorded our Southern Mountaineers. 
There is, however, a distinct difference 
between the two groups. Although our 
mountain people have been looked upon 
as backward, with a colorless existence 
broken by moonshine and feuds, their 
plight has aroused some interest and at¬ 
tempts have been made to improve their 
economic and social outlook. Educa¬ 
tional institutions of various grades, 
active in the region, are monuments to 
the milk of human kindnesses of a few. 
The Jibaro in contrast has not had even 
this aid. lie, in the main, has had no 
stimulus from the outside and, what is 
more, has been ruthlessly exploited by 
those privileged to help him. 

The name Jibaro (H£-bii-r5) is one 
given long ago in Puerto Rico to a per¬ 
son living in the country. At present 
he is an ignorant, superstitious, patheti¬ 
cally poor country peasant on American 
soil. A century or so ago, the name was 
spelled Xivaro, but the meaning was the 
same. In the appellation there is no 
connotation of disrespect nor does it 
carry any stigma. It is accepted by 
these people with equanimity, and they 
may even name the little roadside stand 
El Jlbaro . Cultural influences on them 
have been extremely limited. The 
church, as in so many backward commu¬ 
nities, has had little influence, perhaps 
more than appears on the surface. The 
Catholic church, always a potent factor 
in the spiritual life of primitive Latin 
American people, has done little in ad¬ 
vancing their cultural evolution. The 
Protestant churches, beginning about the 
time of the American occupation, have 
done some creditable work, but little or 
nothing in an important way where most 
needed. During this American period, 
the Catholic church has also been much 
more active, both groups helping the 
people economically as well as trying to 
take care of their spiritual welfare. The 
work done, commendable as far as it has 
gone, has been in general negligible, 
ameliorative rather than constructive. 


The Jibaro, however, has been under¬ 
going a genuine metamorphosis during 
the last few years, and it is doubtful 
whether he ever again will be satisfied to 
go back to his former status. A new out¬ 
look is being brought to him directly and 
indirectly through the PRERA, as the 
Puerto Rico Emergency Relief Adminis¬ 
tration is known to him. Perhaps no 
political activity has ever done so much 
for a people in so short a time. The 
name Prera will probably live long after 
the actual P-R-E-R-A is no more. 

The training and education received 
through the various governmental agen¬ 
cies, especially the CCC camps, have 
been the most vital element that lias ever 
come to the Jibaro and are bringing to 
him a new point of view, a new lease on 
life. The old established order is reced¬ 
ing rapidly. Unquestionably, at no time 
in the past history of the Jibaro has he 
been so much of a personality as now. 
The recognition received has given him 
a sense of personal values which is new 
to him and which he can not be expected 
to relinquish graciously. He is begin¬ 
ning to see visions, and old and young 
alike appear in the public demonstra¬ 
tions for a place in the reconstruction of 
all, not part, of Puerto Rico. During 
the boom days, many migrated to the 
cities and added their quotas to the slum 
sections where they have eked out a pre¬ 
carious existence, in many cases in pov¬ 
erty even greater than they had endured 
in the rural districts. These migrants, 
also, are united under the same magical 
name of Prera, which to their simple 
minds promises so much. The word 
habilitacidn is known to all and is a com¬ 
mon one among them. The greatest of 
all demonstrations known in the capital 
city was held on Saturday, July 6, 1935. 
Banners bore: “The women protest 
against the legislature.’’ “Hunger de¬ 
moralizes a people.” “Legislators, how 
long will you abuse our patience 1” 
“Down with the large corporations and 
rich land-owners.” 44 Give us a New 
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‘‘Kli JIBARO M —A ROADSIDE STAND 

SELLING BARBECUED ROAST PIG. THE .TiBARO CHILDREN ARE OF THE BETTER TYPE, BUT THE SPINDLY 
LEGS OF THE BOY INDICATE TJIF LACK OF PROPER FOOD. 
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FARMING ON THE MOUNTAIN SLOPES 

A TYPICAL SERIES OF HILL SLOPES WITH THEIR CULTIVATED FIELDS UP TO A SIXTY-DEGREE SLOPE 
WITH NUMEROUS DWELLINGS, A FEW OF THEM SHOWING AS WHITE SPOTS. 
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IN THE CARIBBEAN NATIONAL FOREST 
in Northeastern Puerto Rico. Trunks or 
trees are shown covered with orchids, pen¬ 
dent LIANAS AND TREE FERNS IN BACKGROUND. 

Deal.” “President Roosevelt is a more 
patriotic Puerto Rican than our legis¬ 
lators.” And so on 

Physically and culturally as well, the 
present Jibaro is a product of four cen¬ 
turies of amalgamation in the New 
World and las foundations were laid 
more than a century before the Pilgrims 
saw the shores of the New World. In 
1509 Ponce de Leon, with twenty men, 
founded the settlement of Caparra, 
which later was to become San Juan, the 
capital city of the island of Puerto Rico. 
Two years later, in 1511, there were 200 
Spanish male adults, but in that year 
eighty of them lost their lives when the 
natives rose m open rebellion. In this 
rebellion a great many natives also met 
death and probably not more than some 
20,000 remained, all of whom in some 
form or other were distributed among 
the conquerors according to the reparti- 
mientos system, an effective way of en¬ 



THUCKB ON A BUSY STREET 

A PART OF THE CONGESTED WHOLESALE DISTRICT 

of San Juan, where, with Ponce and Maya- 

GUEZ, THE WEALTH 18 CONCENTRATED. 

slaving a whole people by official decree. 
Other uprisings among the Indians oc¬ 
curred, but all failed ignoininiously and 
many of the natives left their valley 
habitat and fled into the more inaccessi¬ 
ble mountain areas; some futilely even 
left for other islands 
Under such a relationship between the 
two races, it was only natural that the 
Indian women should soon greatly out¬ 
number the male population, for, as pro¬ 
viders, they did not risk their lives in 
warfare. Furthermore, as the Span¬ 
iards were not colonizers, but adventur¬ 
ers, vonquist adores, many of them mem¬ 
bers of the nobility who wished only to 
recoup dwindling fortunes, they did not 
bring their families with them. As his¬ 
tory shows over and over again, the 
Spaniard in the New World had no 
scruples in cohabiting, more or less 
promiscuously, with Indian women, and 
a transfer of allegiance by the Indian 
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woman to some white male did not work 
any particular hardship, as her lot in 
many cases was greatly improved. 
Thus the inevitable process of amalgama¬ 
tion was begun early and the beginnings 
of a Jibaro class were laid shortly after 
the discovery of the New World. 

In 1528, twenty years after Ponce de 
Le6n had landed, the excessive numbers 
of white males in the New World caused 
the king, in order to increase the Spanish 
population in the New World, to issue 
an edict for all Spaniards to marry 
under pain of forfeiting lands and man¬ 
dated Indians. History does not say how 
much effect tins edict had, but a census 
taken three years later by the governor 
reported 71 Spaniards married to white 
women, 14 married to Indians and 298 
unmarried. 1 Even at this early date, 14 
Spaniards had been joined to native 
women by the rites of the church. The 
number given as unmarried did not ex- 
i Brau, *‘ Hiatoritt do Puerto Rico , 9 ’ pp 70-71 


elude those only consensually married or 
those who had one or more concubines or 
lived in a state of free love. The latter 
groups were the ones with the most 
numerous offspring. Among the Negro 
slaves, only three couples were reported 
as married, the males outnumbering the 
females three to one. The free but man¬ 
dated Indians numbered 473, Indian 
slaves 675 and Negro slaves 1,523. This 
commingling of the three races and the 
rapid decrease in the Indian population 
are most amazing in view of the fact that 
they were brought about by such a small 
number of whites in the space of only 
twenty short years. The Indians, re¬ 
ported in the beginning to be as numer¬ 
ous as bees, twenty years later numbered 
only 1,148. At this time the Negroes 
already outnumbered the Indians by a 
fourth and those who brought about this 
change, the whites, were outnumbered by 
the other two, ten to one. 

This was the set-up for a Puerto Rican 



THE MARKET BUILDING AT RIO PIEDRAS 
Transportation by bus is extraordinarily cheap. The 3Ibaro may be able to afford 

TRANSPORTATION OF HIS PIG ON THE BACK OF SUCH A CARRIER. 
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race with Negro blood dominating in the 
coastal regions and tributary lowlands. 
Indian blood was most plentiful in the 
interior highlands and the white blood 
acted as an adulterant throughout the 
whole. It is the combination of the 
black, yellow and white elements in their 
undeterminable degrees of admixture 
that makes up the present complex of the 
Jibaros. To this agglomeration has been 
added later some Indian blood, somewhat 
more Negro blood and, throughout a 
much longer period, a much greater 
amount of "white blood. In this mis¬ 
cegenation, the end product thus far has 
been what our census of recent decades 
lists as “’Whites,” who, however, most 
commonly resemble the East Indian in 
color. Seemingly, the soft black hair, 
curly more than kinky, has been one of 
the most persistent characteristics of the 
Negro. This soft, even kinky hair in one 
of the blond type with blue eyes is not 


an unusual sight among the hill peoples. 
The combinations of all types are truly 
limitless. Indian characteristics as such, 
except for the straight black hair and 
almond eyes, are rarely seen, although 
the scraggly beard and more rarely the 
high cheek bones are also somewhat in 
evidence. The people as a whole have 
surprisingly long and narrow heads. In 
the main, however, the cultural elements 
which have come down through the gen¬ 
erations are more in evidence than 
physical features. 

Because the Negro element is much 
more evident in the coastal cities than in 
the interior, many have been led to be¬ 
lieve that Negro blood is much more 
common than it really is. Slavery in the 
interior never proved profitable; in fact, 
it was never very profitable in the 
coastal region, except where sugar cane 
was the dominant crop. The country 
person, therefore, the JIbaro, is freer 



A SMALL SECTION OP A BBOENT PABADE 

REPRESENTING EVERY MUNICIPALITY (COUNTY) ON THE ISLAND TRYING TO IMPRESS UPON LEGIS¬ 
LATORS THE NEED OP AGRARIAN LEGISLATION TO HELP THE POOR JIBARO, THE LARGER BANNER 
READS, u TO HELL WITH THE BIG LANDED ESTATES, BSTURN THEIR LANDS TO NATIVE YARM E&8 . * * 
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THE JIB ABO IS THE PRODUCER OF DOMESTIC FOODS 
Vpptr left: Red sweet potatoes at the market, Rio Piedras. Bight: The JIbaro brings his 

PINEAPPLES TO THE HOTEL IN PON( E. bolder left : BAGS OE C. HARCOAL; THE TRANSPORTATION OP 
GOODS IS LARGELY BY HUMAN ENERGY. 


from Negro blood than his city cousin. 
Since for centuries all parts of Puerto 
Rico have been occupied practically to 
their capacity for furnishing a living, 
there has been little inducement for 
migration from place to place. Distinct 
racial characteristics, therefore, are no¬ 
ticeable in passing from one region to 
another. So established are these dis¬ 
tinctions that in certain sections the 
marriage of cousins and near of kin is 
looked upon very favorably by parents, 
with the result that only two or three 
surnames may be found in such a closely 
built-up unit area. The pure white 
Spanish type is almost never found in 
the interior, although by far the larger 
number of the nearly sangrc pura type 
is found in the interior. Light hair, a 
fair skin and blue eyes are not at all 
uncommon, perhaps the result of a later 
addition of Nordic blood. 

The Indian population disappeared 
rapidly, in spite of the importation of 


Indian slaves from the neighboring 
islands and from even far-off Mexico. 
Whatever their number at the beginning, 
in less than half a century later no pure 
Indians remained, except women mar¬ 
ried to or living with the white man con- 
sensually. Since the island served as a 
Spanish outpost from which expeditions 
went out, naturally many diseases were 
imported into the island with a viru¬ 
lence, due to a lack of developed immu¬ 
nity, that swept the natives away as in 
terrific plagues. Nevertheless, the domi¬ 
nant cause, it seems, of their disappear¬ 
ance was the harsh treatment received at 
the hands of the white invaders. What 
seemed at first a fairly humane system 
of apportioning the natives to some 
sponsor or overlord soon developed into 
one of the most pernicious systems the 
ingenuity of man has ever devised for 
the exploitation of a weaker people, ad 
its worst probably in the South Ameri¬ 
can plateau countries. Under it the 
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IN THE SHADOW OF THE FORTRESS WALLS 

The JfBARO FINOS VACANT LAND ON THE STEEP SLOPES OUT OF BEACH OF THE SEA. THE EXTENSIVE 
SETTLEMENT MAY BE NOTED ON THE BIGHT. 


native became an easy prey, in his help¬ 
lessness, to exorbitant taxes and tributes. 
The first tribute on record was imposed 
by Columbus as early as 1495 on the 
natives of present Hispaniola to the ex¬ 
tent of gold the size of a bell on a mule 
and an arroba (25 pounds) of cotton, 
every three months for every Indian 
over sixteen years of age. Later tributes 
were much more exacting and not un¬ 
commonly incapable of fulfilment. Sim¬ 
ilar tributes were exacted from the 
natives of Puerto Rico. Only those who 
were able to escape the clutches of their 
enslavers left the island in order to avoid 
payments 

The Negro, by nature, was better fitted 
for slavery than the Indian. This may 
be only seemingly so, as the immensity 
of the West Indian slave traffic is rarely 
fully appreciated. That slaves should 
have been imported into Puerto Rico as 
early as 1510 is only natural, for the 
home country also had its slaves. As the 


mines were worked out by 15S|6 and 
sugar cane was slow in developing on the 
island, the slave trade never was as large 
there as in some of the other islands. In 
1860, when the last census preceding the 
freeing of the slaves (1872) was taken, 
the total population of the island was 
given as 583,000. The whites numbered 
300,400, the free colored 241,000, and 
the colored slaves 42,000.® This census 
shows the white and Negro populations 
about equal. 

The racial statistics under the United 
States census are only approximations to 
the truth in the matter of color. Negro 
blood is widely disseminated even among 
those classed as white. During the early 
days, the proportion of Negro blood in¬ 
creased very rapidly as a result of Negro 
importations, but by the end of the first 
century Negro importation practically 
ceased and white immigration was given 

3 Abbad y Laiierra, ‘ ‘ Historia de Puerto 
Rico," pp. 302-308. 
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A JIBABO CABIN ON THE ROADSIDE 

Making room tor tiif growing of a few yuccas. Thf lean to with its dilapidated and 
CHIMNEYLESS ROOF lb THE KITCHEN WITH ITS OPEN PLAC E FOR FIRE FROM CHARCOAL, GRASS, TWIGS 

or dung. The blur is caused by smoke Nearly all food prepared tastes of smoke. 


its chance to gain the ascendency again 
Because at present there is a general lack 
of discrimination in color among the 
lower classes in their marital relation¬ 
ships, a greater dilution but wider dis¬ 
tribution of color is now most rapidly 
going on. The percentage of colored 
blood in the enumerations has been rap¬ 
idly downward, from 87.9 per cent in 
1530, 49.9 per cent, in 1830, to 38.2 per 
cent, in 1900 and 25,7 per cent in 1930. 
The downward trend may be expected to 
continue until observable negroid charac¬ 
teristics will disappear entirely. 

In the present admixtures, white blood 
greatly dominates and is likely to con¬ 
tinue increasingly to do so. Ponce, with 
his twenty men, soon had many addi¬ 
tions. A year after his landing, the 
number had already risen to 200 male 
adults. By 1531 there were 869 Spanish 
males—women and children were not 
counted. Through the four centuries of 


Spanish occupation, the white male came 
and went, but more remained than left. 
Many of these whites were from the 
ranks of the nobility, most of them poor 
because of the primogeniture laws en¬ 
forced in Spain, but they hoped to amass 
a fortune in the New World and then to 
be able to take their established places in 
high society in comfort. Others, as 
might be expected, came from other 
classes, former soldiers, ex-sailors, some 
misfits of society, and others. The royal 
decree of 1815 relaxing so many restric¬ 
tions and offering so many new induce¬ 
ments commercially, brought many pure 
bloods with their wealth and ability from 
South American countries, in the throes 
of revolutionary unrest at that time. 
Within one week the arrival of 324 
Catholics is recorded and also 83 “gen¬ 
tlemen” from Louisiana. The exodus 
from Venezuela was so great that during 
the month following the battle of Cara- 
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bobo in 1821 there landed in Puerto Rico 
“Ocho buques y una fragata inglesa n all 
filled with “expatriados Many of the 
more prominent families of to-day are 
proud in tracing their ancestry to these 
groups of pure whites which brought not 
only fresh blood of high quality but busi¬ 
ness sense and acumen. 



HARVESTING SUGAR CANE 
The JIbaro as a workman is inefficient. 
Work when available is for long hours and 

THE WORKMAN IS FREQUENTLY FORCED TO REST 
IN THE SHADE OF THE CANE WITH THE STATE¬ 
MENT of onfermo. 

Here, if anywhere, is the beginning of 
a marked differentiation into classes: on 
the one hand, a high-grade cultured 
group m the minority but controlling the 

* Blanco, “Prontuario Historieo de Puerto 
Rico,” p. 03. 


destinies of the island; on the other, the 
peasant group, the J ibaro and the urban 
poor. His competition as a free man 
with slave laborers gave the Jibaro a 
distinctly inferior status. He had to 
work, in the mam, on the same basis, yet 
without the advantages accruing to 
slaves. Naturally the wages were what 
the rich landowner wished to pay. Since 
a man’s existence in the tropics can be 
maintained on almost nothing, the land¬ 
owner found it difficult to get the extra 
supply of labor when wanted for the 
wages he was willing to pay. As he was 
the one who made the laws, it was a sim¬ 
ple matter to pass one that forced every 
freed man who did not have enough land 
to support a family to carry a libreta or 
certificate giving his status. If not em¬ 
ployed, he could be arrested as a vagrant. 
Seemingly, this had little effect on in¬ 
creasing the labor supply, but it did give 
a distinct advantage to the employer in 
using the law as a threat to force the 
Jibaro to work. The resultant effect, 
however, was to make the poor still 
poorer, as wages pitifully low became 
lower still. Well-meaning as the law 
might have been in the beginning, it 
nevertheless gave the Jibaro a distinctly 
inferior status, definitely consigning him 
to a state of peonage, a state which he 
has held so long that now when in the 
presenee of his superiors he may stand, 
barefooted, hat in hand, head and eyes 
lowered as if awaiting the order of an 
executioner. Such is life for one group 
of American citizens. This Jibaro is, 
therefore, a product not only of his 
physical environment but also of a sys¬ 
tem which leads to class opportunities 
for some and to oblivion for others. 

Were this Jibaro class not so numer¬ 
ous, the situation would not be so ap¬ 
palling. At the time of the CedvXa de 
Gracias in 1815, the Jibaro population 
was given as 86 per cent, of the total. 
By 1900, the rural population, and rela¬ 
tively few of its number are not in the 
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TWO MEN AND EIGHT OXEN OPERATE A HARROW 
Even on the larger estates the cheapness of human labor is reflected 

IN THE PRIMITIVE EQUIPMENT. 


Jibaro class, was 85.4 per cent.; in 1910, 
79.9 per cent.; in 1920, 78.2 per cent.; 
and in 1930, 72.3 per cent, of the total 
population. This seeming decrease is 
not due to the rising of some above their 
class but to a migration to the cities with 
their increased industrial development 
of recent years. Many are forced to go 
to the cities, as no place for them to live 
is available in their home districts. Tn 
the city they build their huts on non¬ 
active land, such as on the city front, 


outside of the old Spanish wall or upon 
tidal flats. Housing conditions here are 
unspeakably bad. 

Naturally, class distinctions between 
those who have and those who have not 
are very marked. Members of the upper 
class do not take kindly even to the sim¬ 
plest physical tasks. Their superior 
background, education and even moder¬ 
ate wealth emphasize the distinction and 
give them a sense of superiority, not 
assumed, over those who through genera- 



ONE OF THE POOREST TYPES OF DWELLING 

BUILT OUT IN THE SWAMP NEAR RlO PlEDRAS. THIS PARTICULAR DWELLING HAS ONE ROOM AND 
HOUSES TWO FAMILIES, A TOTAL OF 15 PERSONS. SUCH A SITUATION IS BY NO MEANS THE EXCEPTION. 










AN IRRIGATED CANE FIELD ON A LARGE ESTATE 

BEING GRAZED DOWN AS PART OF THE RESTRICTIONS PLACED ON CANE ACREAGE. THE SUGAR CENTRAL 

MAY BE SEEN IN THE BACKGKOUND. 


tions of need have developed a subservi¬ 
ence hard to understand by an American. 
Fortunately, now there is developing a 
strong, energetic middle class which, 
largely by sheer effort and native ability 
under great handicaps, is forging ahead. 
With opportunities this group will take 
a major part in the evolution of the 
island. The bulk of the people, fully 
three fourths of them, however, are in 
the lower class—urban poor and Jibaros. 
Their major distinction is landless pov¬ 
erty, some still poorer than others, until 
hunger, nakedness, wretchedness and 
hopelessness are their inevitable lot. 

The wretchedness of this group beg¬ 
gars description It is difficult to escape 
the ever-present spectacle of poverty in 
going about the island. The island dis¬ 
tricts “seethe with misery.” Housing 
facilities, no matter how makeshift, are 
wholly inadequate. Many are the cases 
where two or more families with their 


numerous brood occupy a small, one- 
room cabin. There is no place for them 
to build on nor anything to build with. 
Thus they breathe and breed in a mere 
animal-like existence outside the pale of 
the economic life of the island There 
is, however, little of that verdammte 
bedurfnislostgkeit sometimes attributed 
to tropical peoples by those who do not 
know the tropics The people are peace¬ 
able and kindly, ready to share their 
meager store with the stranger or run an 
errand for him, and for the most part 
are not resentful of those who so merci¬ 
lessly exploit them. 

That the Jibaro as a workman is in¬ 
efficient is only too true. It is almost 
inconceivable to one accustomed to good 
food and regular meals that the Jibaro 
and members of his family have any 
energy left for work, on the diet condi¬ 
tions forced upon them. With only a 
cup or two of black coffee for breakfast, 
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the worker may find it necessary to walk 
from his hillside cabin several miles to 
his work, when there is any to be had, 
and then work from dawn to dusk for 
less than a dollar a day. At noon he eats 
his lunch of rice or beans or corn meal 
in the field and at night, after working 
hours under a hot tropical sun, he 
trudges home for his evening meal, 
rarely with meat, and limited in quan¬ 
tity; then not even to enjoy the luxury 
of a chair or bed, but to go to sleep in a 
hammock, or upon the floor without un¬ 
dressing, only to wake up for a repeti¬ 
tion of the previous day’s experience 
This only for a season and then idleness 
with scarcely enough for a life-sustain¬ 
ing ration. Such is not an isolated case 
but the common lot of the Jibaro. He is 
definitely “a man with the hoe”; the 
hopelessness of his situation has become 
almost second nature to him. 

The Stars and Stripes has brought no 
liberty to him that he did not have under 


the Red and Gold of Spain; it has, in 
part at least, even intensified his misery. 
Sugar cane under the protective arms 
of a tariff law is by far the most profit¬ 
able crop and, by and large, the only 
profitable export crop. Sugar lands 
under the control of large sugar corpora¬ 
tions have taken the limited areas of rich, 
flat coastal lands and have pushed into 
and up valleys and over low lulls and 
with this extension have gone the food 
crop lands. Where corn once grew, now 
cane waves its glossy leaves. The little 
plot once allotted to the Jibaro for his 
crops is now 4 Moo valuable for an inef¬ 
ficient. Jibaro to putter around in.” 
With the high density of population of 
482 per square mile, no longer does the 
one acre in ten in food crops out of the 
total of 2,1.37,200 acres begin to supply 
the island’s million and a half people 
with food. Food must be imported, and 
imported food is too high for the Jibaro 
to buy. 



FIELDS OF SUGAR CANE 

THU PROFITABLENESS OF CANE COMPARED TO OTHER CROPS BRINGS ABOUT A MIGRATION OF OAK* 
INLAND OVER THU BORDER HILLS, CROWDING CORN, THE TRUK FOOD CROP, FARTHER UP THE HILLSIDE. 
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The plight of the Jibaro must be alle¬ 
viated before the island can be said to be 
on a firm footing His number is far too 
large to be disregarded. No nation can 
advance with such a handicap, no nation 
can profit with its best lands exploited 
by foreign corporations, no matter how 
profitable their industry may be. The 
resources of the island are too limited to 
take care of such an over-dense popula¬ 
tion. The only hope lies in a directed 
policy that is free of party politics or 
favoritism. The shame of the situation 
in which we, the richest nation on earth, 
find ourselves must be remedied. The 
American people as a whole condemn 
whole-heartedly “Imperialismo Indus¬ 
trial N art earner icano” when it sucks the 
life blood of a people. 

What is the solution! The more 
thorough the study, the more compli¬ 
cated the problems become. To the local 
politician the solution is simple enough. 
It is independence or at least autonomy. 
Even a text used in the university at Rio 
Piedras concludes with: 

The economic interests of New York pauper¬ 
ize us. The dilemma is therefore whether to 
take into our hands with serenity and firmness 
our destiny or on the other hand as mental de¬ 
generates m long-suffering agony prolonged by 
palliatives continue until the limit is reached 
in physical and moral misery, until the Island 
people are completely transformed into a 
peonage de panas , en hato de coolies. Only 
death can save us then. 4 

4 Blanco, * ‘ Prontuario Historico de Puerto 
Bico, ,r p. 351, 1935, Bee also Barclay W. Biffte 
and Justini White, “ Puerto Kico, A Broken 
Pledge , 11 1931. 


However, it is the writer’s firm con¬ 
viction and honest opinion that to set the 
island adrift at the present time would 
be pathetically tragic to all but the poli¬ 
ticians, who always refer to the United 
States as 4 ‘the invader.” That there has 
been an “Imperialismo Industrial ” not 
in the interests of the people of Puerto 
Rico is true. That the governors gen¬ 
eral, to a very large degree, have Ameri¬ 
can interests more in mind than local 
interests is only too true. That a few 
kind-hearted Americans refusing to ex¬ 
ploit further the poor Jibaro and his 
family arouses the ill will of some natives 
is also true. That some generously 
minded, far-seeing Puerto Ricans appre¬ 
ciate the seriousness of the situation and 
earnestly work for the solution of the 
many problems is most certainly true, 
and these have no general panacea for 
the ills of the island; some even see little 
light ahead. The fact nevertheless re¬ 
mains that on a small island with a popu¬ 
lation of one and a half million people, 
where less than half a million should be, 
with a birth rate twice the death rate and 
with an increase in population about 
three times that of the world at large, a 
change in politics or even independence 
will not furnish food for the hungry 
Jibaro nor clothe his numerous brood. 
It would seem that the basic hope must 
lie in an education of the fundamental 
principle that when four grains of sugar 
are needed to keep four ants alive, a cer¬ 
tain number of days, two grains will keep 
only two ants alive for a similar length 
of time. What, therefore, is the solu¬ 
tion ? Let who can outline a plan. 



THE NATURAL ELECTRIC CURRENTS 
IN THE EARTH 

By Dr. O. H. GISH 

DEPARTMENT OF TERRESTRIAL MAGNETISM, CARNEGIE INSTITUTION OF WASHINGTON 


Electrical messages were first re¬ 
ceived from the earth early in the last 
century. Joseph Henry in America and 
Michael Faraday in England had made 
their notable discovery of electromag¬ 
netic induction about a decade and a half 
before. S. F. II Morse, just a hundred 
years ago, had invented the first prac¬ 
tical telegraph. Then nine years later, 
in 1844, the first commercial telegraph- 
system was put in operation between 
New York and Washington. In the next 
few years similar systems sprang up in 
various parts of the world. When send¬ 
ing messages on these systems there occa¬ 
sionally appeared other signals which 
sometimes became so frequent and in¬ 
tense as to seriously interfere with the 
sending of telegrams. A visitation of 
these intruding signals was usually wide¬ 
spread, coming at about the same time 
and running much the same course every¬ 
where. 

Close observation of the signals which 
intruded on the lines of the British sys¬ 
tem led W. H. Barlow to conclude in 
1847 that they come from the earth, that 
such signals may be received at any time, 
but that they are usually not intense 
enough to interfere with the telegraph- 
service. When submarine cables came 
into use, disturbing signals were also 
noted on them at the same time as the 
great disturbances on land lines. Dis¬ 
turbances of this sort were accompanied 
by erratic agitation of the compass- 
needle, and frequently by unusual dis¬ 
plays of polar lights, These intruding 
signals constitute the electric messages 
frdm the earth which are the theme of 
this address. 


Earth-Current Storms 

It was soon recognized that these sig¬ 
nals resulted from electric currents of 
some natural origin which circulate in 
the earth, branch through telegraph- 
lines, and, when intense enough, actuate 
the receiving instruments and sometimes 
even damage them. The occasions when 
the electric earth-currents are intense 
and unusually agitated are termed 
storms, earth-current storms, not because 
of any connection with weather, for there 
is none, but rather for about the same 
reason that an emotional outburst is so 
designated. 

One of the more intense of these storms 
occurred in 1859. All the grounded tele¬ 
graph-lines of the world were apparently 
affected by that storm. During most of 
a seven-day period from August 29 to 
September 4 it was impossible to send 
telegrams. However, occasionally these 
currents w*ere sufficiently intense and so 
steady that they could be used instead 
of the usual batteries for operating the 
telegraph-instruments. On September 2, 
the line from Portland, Maine, to Boston, 
Massachusetts, spanning a distance of 
110 miles, was “worked” by the earth- 
currents alone, commercial messages be¬ 
ing sent from 8 to 10 a.m. The line be¬ 
tween Fall River and South Braintree, 
Massachusetts, a distance of 40 miles, 
was also worked in the same way. A 
message was also sent in this manner 
between Philadelphia and Pittsburgh. 

In some cases the strength of the cur¬ 
rent during this storm was roughly de¬ 
termined. Thus it was reported that on 
one line in France, which spanned a dis¬ 
tance of 600 km, the current “was equal 
47 
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to that produced by a battery of 800 
volts/ ’ In Norway the disturbance to 
the telegraph was said to have been 
greater than m other parts of Europe. 
During this electric commotion the com¬ 
pass-needle was everywhere visibly agi¬ 
tated. At Rome it changed direction 
4° 13' in a half hour and the horizontal 
magnetic force changed by one eighth its 
whole value 

Extraordinary displays of polar lights 
were also reported The aurora borealis 
was seen as far south as 18° north lati¬ 
tude, and at higher latitudes the bril¬ 
liance of these lights was said to i ‘nearly 
equal the light of the full moon ” Ex¬ 
cept for the unusual duration and inten¬ 
sity of this storm and the accompanying 
magnetic and auroral manifestations, 
this description would apply to many 
other similar events. The association of 
the aurora borealis with such disturb¬ 
ances to the telegraph-service has been 
noted by telegraph operators in some 
parts of the United States who refer to 
such an event as an * * aurora on the 
line/’ However, the relationship is not 
as direct as that expression would imply. 

These impulsive electric messages, 


which signalize earth-current storms, 
come only a relatively small part of the 
time, on the average about sixteen days 
a year. The rest of the time electric 
messages of a quite different type may 
be received—messages of a more tranquil 
nature which are patiently repeated day 
after day, year after year. However, the 
electric currents which convey them are 
so weak that some care is required to 
receive them without such distortion as 
may lead to misinterpretation. Because 
some aspects of the method of receiving 
these messages have important bearing 
on their interpretation, it seems appro¬ 
priate to describe here some of the essen¬ 
tial features of what in technical par¬ 
lance is called an earth-current measur¬ 
ing system. 

Registering Earth-Currents 

It was early recognized that system¬ 
atic observations were required for satis¬ 
factorily investigating these phenomena. 
The telegraph-system by means of which 
the first evidence for the existence of 
earth-currents was obtained suggested 
the gross features of the arrangements 
used, even up to the present time. The 



Fin. 1. THE RECEIVING “ANTENNAE" 

The conspicuous part OF a simple arrangement for "receiving electrical messages 11 from 
the Earth resembles two telegraph-lines which extend in different directions. These 

LINES SERVE ONLY TO CONNECT THE PAIRS OF EARTHED POINTS WITH INSTRUMENTS WHICH REGISTER 
THE DIFFERENCE OF POTENTIAL BETWEEN PAIRS OF POINTS. 
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first continuous registration of earth* 
currents was begun at Greenwich Ob¬ 
servatory in 1865 under the direction of 
Astronomer Royal G. B. Airy. 

The arrangement may be described as 
two special telegraph-lines, with the two 
ends of each line connected to earth and 
with a galvanometer substituted for each 
of the telegraph-receivers. One of these 
lines extended from the observatory east¬ 
ward to Dartford, a distance of 9.75 
miles; the other from the observatory 
southward to Croydon, a distance of 8 
miles. The contact to earth was made by 
soldering the wires to water-pipes. The 
deflections of the galvanometers were 
registered photographically. From the 
two components thus registered the di¬ 
rection of the earth-current and the in¬ 
tensity of the impelling force, the poten¬ 
tial gradient, were determined. To the 
casual observer this system would seem 
equivalent to the most carefully installed 
modem one (the gross features of such 
being suggested by Fig. 1), but the 
reliability of the results obtained from 
the two different systems may not be at 
all comparable. 

Systematic observation of earth-cur¬ 
rents was apparently stimulated by rec¬ 
ommendations made by the Electrical 
Congress which met in Paris in 1881. 
Soon after this observations were started 
in France, Germany, Norway, Finland, 
Russia, Italy and Bulgaria. Bachmet- 
jew, in Bulgaria, used small spans, 80 to 
200 meters m length. The longest Bpans 
were those in Germany, where the Earth- 
current Committee used two under- 
d telegraph-cables—one extending 
Berlin southward to Dresden, a 
distance of 120 km, the other extending 
from Berlin eastward to Thom, a dis¬ 
tance of 862 km. Registration at Berlin 
began in 1288 and was continued until 
1991, The records for the first five years 
were evaluated and analysed by 'Wein¬ 
stein, whose report stood as the outstand¬ 


ing contribution to the subject for sev¬ 
eral decades. In 1910 such observations 
were started at the Ebro Observatory, 
near Tortosa, Spam, where they have 
been continued with but little interrup¬ 
tion up to tbe present time, thus provid¬ 
ing a body of data of much value. 

The net outcome of all these endeavors, 
as it appeared about a decade ago, may 
be summed up figuratively as follows: 
The impulsive messages received at these 
different places conveyed a fairly con¬ 
sistent story, but the more tranquil mes¬ 
sages were not in general agreement, 
only those received at Berlin and those 
received at the Ebro Observatory being 
in fair accord. 

Cooperative Activities 

Such was the status in 1922 when the 
Department of Terrestrial Magnetism of 
the Carnegie Institution of Washington, 
in order to further its program for inves¬ 
tigating the electrical and magnetic phe¬ 
nomena of the earth, installed an earth- 
current measuring system at its magnetic 
observatory near Watheroo, Western 
Australia. Since then this activity of 
the department has been extended, first 
by establishing another system at its ob¬ 
servatory near Huancayo, Pern, in 1925. 
Later, through cooperation with the 
United States Coast and Geodetic Sur¬ 
vey and the American Telephone and 
Telegraph Company, the registration of 
earth-currents was begun in 1981 at the 
Coast and Geodetic Survey magnetic ob¬ 
servatory near Tucson, Arizona. Regis¬ 
trations were also obtained at College, 
Alaska, from August, 1932, to June, 
1934, through cooperation with the tJ. S. 
Coast and Geodetic Survey and the Uni¬ 
versity of Alaska, and at Chesterfield 
Inlet, Canada, through cooperation with 
the Meteorological Service of Canada. 
The data from the two latter stations are 
of special significance because these 
places are both close to the Arctic Circle 




5( 


THE SCIENTIFIC MONTHLY 


EARTH-CURRENT RECORDS 
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FIG. 2. IMPULSIVE “MESSAGES'’ 

Such as these, which were received April 80 to Mat 2,1988, at tour places ranging nr 
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and because these projects were a part 
of that remarkable international co¬ 
operative program known aB the Second 
International Polar Year. 

Telephone and telegraph organizations 
have naturally been interested in these 
electric currents for a long time, but as 
a rule they have made no extended in¬ 
vestigation of this class of phenomena. 
However, the Bell Telephone Labora¬ 
tories have made a notable exception to 
the rule by conducting registrations of 
earth-currents during recent years at a 
number of places in the United States. 
Some systematic measurements have also 
been made during the past decade in 
Sweden. Dr. G. C. Southworth, of the 
Bell Telephone Laboratories, in consul¬ 
tation with members of the Department 
of Terrestrial Magnetism, planned the 
program and devised the means by which 
long-distance telephone-lines could be 
used satisfactorily for this work without 
interfering with the use of the lines for 
telephone-service. 

The tranquil messages received in 
these more recent endeavors are in 
reasonably good agreement among them¬ 
selves and also with those obtained at 
Berlin and at the Ebro Observatory. 
This outcome instills confidence in the 
technique which has been developed for 
receiving them. 

Striking Correspondence 

The information now accumulated en¬ 
ables one to view some of the broader 
aspects of the system of electric currents 
which circulate in the earth. One sees 
that most earth-current storms which are 
observed in the middle latitudes occur 
simultaneously everywhere on the earth 
as illustrated in Fig. 2. Comparing 
these with the corresponding magnetic 
records reproduced in Fig. 3, one notices 
a pronounced similarity in the character 
of the magnetic and the electric records. 
'When one is disturbed, the other is also 


disturbed. This, as well as the similarity 
in the character of the disturbances, is 
obviously not a mere coincidence. 

Correspondence between the occur¬ 
rence of aurorae and disturbances in 
earth-currents and possibly solar activity 
is also suggested by the evidence. 

Observations indicate that an electric 
storm is likely to follow another storm 
at intervals of 27 days. Although for the 
aurora the indications are not bo positive, 
yet there appears to be some evidence of 
a similar recurrence. It should be re¬ 
called in this connection that 27 days is 
the time required for a sunspot to rotate 
with the sun. A relationship is also 
found between the variations in earth- 
currents, the activity of the earth’s mag¬ 
netism and the occurrence of spots on the 
face of the sun. They all run through a 
cycle which has a period of roughly 
eleven years. 

When sunspots are numerous, mag¬ 
netic changes are greater and more fre¬ 
quent, and the earth-currents undergo 
more intense and more frequent fluctua¬ 
tions than at times when sunspots are 
less plentiful. From such observations 
one concludes that these earth-current 
disturbances must arise out of an in¬ 
fluence which is capable of acting 
directly on the whole earth at once and 
that the activity on the sun in some way 
influences the electric currents in the 
earth. 

When one examines the more quiet 
aspects of earth-currents, he finds that 
regular changes occur during the day. 
These undergo some modifications from 
season to season, and they wax and wane 
during the years. If the amplitudes of 
the wave-like graphs representing these 
changes are charted for different places 
and different times of the year, it will 
be seen that the amplitude is a minimum 
in midwinter, whether the stations be 
north or south of the equator, and that in 
general the values for summer tend to be 
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MAGNETIC RECORDS 
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FIG. 8. IMPULSIVE MAGNETIC < < MESSAGES’ 1 
The magnetic effects shown here correspond to the electrical messages exhibited in 
Fig. 2. These appear to be magnetic and electric versions of the same narrative. 


high, yet there appears to be a tendency 
for large values to occur near the time 
of the equinoxes. There is also evidence 
that the amplitude of daily change varies 
with a period of about eleven years and 
that this corresponds approximately 
with the variations in sunspot number. 

Earth-Currents and Terrestrial 
Magnetism 

When one attempts to ascertain from 
the data just what relationship exists 
between earth-currents and terrestrial 
magnetism, he is confronted with some 
difficulty. This is especially pronounced 
in the case of earth-current and magnetic 
storms. During these storms the changes 
in the earth-currents are sometimes of 
the same character as those in the cor¬ 


responding component of terrestrial 
magnetism, the two increasing or de¬ 
creasing in unison (see Figs. 2 and 3). 
Then again they differ considerably in 
character, although the duration of the 
disturbed periods corresponds. If the 
magnetic changes were due to electric 
currents in the earth, then they should 
be roughly proportional to the electric 
changes; thus the graphs which repre¬ 
sent the magnetic changes (Fig. 3) 
should be about the same shape as those 
for the earth-currents (Fig. 2). 

However, if the magnetic changes pro¬ 
duce the earth-currents, the relationship 
would be quite different. The earth- 
currents would then be roughly propor¬ 
tional to the rate of the magnetic changes. 
Thus, even though the magnetic disturb- 
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ance be large, if it is changing but little 
the earth-current at the corresponding 
time would be small. A comparison of 
the observed storm-changes in earth- 
currents and in the earth’s magnetism 
therefore seems to indicate that some¬ 
times one relationship holds, sometimes 
the other. 

Viewed superficially, this may be 
taken to indicate that part of the time 
the earth-currents are the cause of the 
magnetic changes and part of the time 
the result of those changes. This appar¬ 
ent duplicity of character, together with 
the inconstant nature of earth-current 
storms, are obstacles which stand in the 
way of a comprehension of them. Since 
it is not proposed here to venture far 
into the free and airy realm of specula¬ 
tion, we shall leave this aspect and turn 
to a further examination of the relation 
between the more quiet aspects of earth- 
currents and the corresponding changes 
in terrestrial magnetism. 

The most conspicuous feature of earth- 
currents on so-called quiet days is the 
fairly regular variation during the day. 
Although the character of this diurnal 
variation varies with latitude, yet a de¬ 
scription of that observed at Tucson, 
Arizona, about 32 degrees north latitude, 
will bring out some of the general fea¬ 
tures. 

The currents there are weakest an hour 
or two before midnight. At midnight 
they flow south-westward, but steadily 
veer so that at 2 to 4 a.m. the flow is 
westward, at 5 a.m. it is northward, 
then the intensity increases rapidly 
reaching a secondary maximum at 7:30 
to 8:30 A.M. when the flow is north of 
north-eastward. This is followed by a 
rapid veering to the eastward and then 
to the southward reaching the maximum 
intensity for the day at about 11:30 a.m. 
to 12:80 P.M. when the direction of flow 
is toward the south-southwest. The cur¬ 
rent then decreasing in intensity veers 


through westward direction at about 3 
p.m., through the northward at about 4 
p.m. Now increasing somewhat in inten¬ 
sity an evening maximum is reached at 
about 5 to 6 p.m., the flow then being 
toward the north-northeast. Then veer¬ 
ing toward eastward the intensity de¬ 
creases to almost nothing an hour or two 
before midnight. Thus the current runs 
through two cycles each day. The con¬ 
siderable regularity with which these 
cycles repeat day after day admits of 
their being compared quantitatively with 
the diurnal changes in the Earth’s mag¬ 
netism. 

The mathematical relations between 
the diurnal changes in terrestrial mag¬ 
netism and those in earth-currents, which 
should apply if the latter are induced by 
the former, were first derived by S. 
Chapman and T. T. Whitehead. The 
earth-current changes which they thus 
calculated from the magnetic changes 
have considerable similarity to some of 
those which are observed. However, 
there is a degree of disparity between the 
calculated and the observed values which 
can not be disregarded. 

Of course the formulae were not de¬ 
vised to take account of those irregular¬ 
ities in the structure of the Earth’s crust 
which present great contrasts in elec¬ 
trical conductivity and thus certainly 
distort the electric flow. Perhaps the 
most pronounced large-scale contrast of 
this nature is that between land and sea, 
the conductivity of sea-water being sev¬ 
eral orders of magnitude greater than 
that of land. Other currents of more or 
less local extent and of quite different 
origin may at places be superimposed 
upon the more general system, thus add¬ 
ing to the complexity. 

Furthermore, one should not neglect 
to question the reliability of the earth- 
current data, provided those data were 
obtained in such a way as to give no 
criteria by means of which it may be 
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Electric currents blowing in extensive eddies like those depicted here by Bartels would 

ACCOUNT FOR THE AVERAGE TRANQUIL DIURNAL-CHANGES IN TERRESTRIAL MAGNETISM. THIS CUR¬ 
RENT-SYSTEM 18 FIXED RELATIVE TO THE SUN AND HENCE THE EARTH ROTATEB WITHIN IT. TOT 

Western Hemisphere is here shown diagkammatically. 


ascertained that extremely local phe¬ 
nomena, especially such as are produced 
by the method of measurement, have 
been eliminated. Such modifying in¬ 
fluences may account for some of the 
disparities. In any case, the induction 
theory is the only one now in sight that 
can claim attention. 

One may therefore tentatively enter¬ 
tain the view that the earth-currents 
which are observed are in the main in¬ 
duced by magnetic variations, but that 
their strength and direction are modified 
in a manner which varies from place to 
place and which depends upon the distri¬ 
bution and configuration of oceans and 
continents as well as upon other struc¬ 
tural features of the earth. Modifica¬ 


tions produced in the earth-currents by 
the deep structure of the earth’s crust 
may thus constitute electrical messages 
which contain information about condi¬ 
tions in that little-known region. 

CURRENTS IN HlGH ATMOSPHERE 

The magnetic forces which, on the 
view just outlined, induce the earth-cur¬ 
rents have their immediate origin in the 
high atmosphere in about the same region 
which reflects radio waves. If a system 
of electric currents having the character 
represented by the diagram of Fig. 4 cir¬ 
culates in that region of the atmosphere, 
it would be capable of producing the 
daily magnetic changes which are ob¬ 
served at the surface of the earth. 
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To justify the assumption that there 
exists such a system of currents or any 
equivalent which may produce the corre¬ 
sponding magnetic effect would carry us 
beyond the scope of this discussion, since 
it is here desired to simply point out 
somewhat of the mechanism by which the 
electric currents in the earth may be in¬ 
duced. The portion of this system of 
currents which appears at the center of 
the diagram is always directly under the 
sun and therefore the whole system 
moves relative to the earth, making a 
rotation once each day. 

The magnetic field of this electrical 
circulation as viewed from outside of the 
earth is one which in its principal fea¬ 
tures does not change appreciably with 
time, but, since it is moving relative to 
an observer on the earth, it appears to 


him to undergo a regular diurnal varia¬ 
tion. This magnetic field, together with 
the earth which rotates within it, consti¬ 
tute the electric machine which generates 
the electric currents in the earth. Thus 
one might expect to find in the earth a 
general system of electrical circulations 
which is related to that represented for 
the high atmosphere. 

The Great Electric Eddies 

It has recently become possible to con¬ 
struct, on the basis of observed data, a 
world picture of the electric currents 
which circulate in the earth. This pic¬ 
ture shows a number of great electric 
eddies (see Figs. 5 and 6). Eight of these 
are located in the middle latitudes, four 
in the northern hemisphere and four in 
the southern hemisphere, symmetrically 
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FIG. 5. ELECTRICAL EDDIES IK THE EARTH 
Thetranquil electric “messages” as interpreted here refer to electric currents which 

CIRCULATE IN EXTENSIVE EDDIES IN THE EARTH'B CRUST. THOSE FOR THE DAYTIME OVER THE 

Western Hemisphere are here shown ungrammatically. 





56 


THE SCIENTIFIC MONTHLY 


placed on either side of the equator with 
centers about equally spaced in longi¬ 
tude and lying along a parallel of lati¬ 
tude near the tropics of Cancer and 
Capricorn (see Figs. 5 and 6). Four 
more such eddies with centers in the 
Arctic are also disclosed. Although 
there are no data to establish the fact, 
it seems likely that there are also four 
corresponding eddies in the Antarctic. 

All these eddies follow the sun in such 
a way that there are eight on the sunlit 
side of the earth and eight on the dark 
side The curves which outline the 
eddies are constructed in such a way that 


two adjacent curves indicate the boun¬ 
daries of a tube of flow. Those tubes 
which are bounded by solid lines all con¬ 
tain the same amount of current except 
that in the case of the innermost curves 
the flow is sometimes less than that for 
a full tube. In order to show some of 
the weaker eddies it was necessary to sub¬ 
divide some of the tubes. These are out¬ 
lined by broken lines. The direction of 
flow is that of the arrows. 

Current-systems corresponding to the 
charts which are exhibited here would 
completely account for the average diur¬ 
nal variations observed in earth-currents 



Th* aspect or the electric eddies in the Northern Hemisphere during dattime in 
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at Watheroo, Tucson and Chesterfield 
Inlet. Similar charts have been con¬ 
structed £rom other sets of data; in fact, 
all the principal series of earth-current 
data have been examined in the same 
manner, and without exception they are 
consistent with a scheme having the gen¬ 
eral features here depicted. 

In order that this picture may the bet¬ 
ter represent the observed facts, the 
tubes of flow must be regarded as very 
flexible, easily deformable, so that the 
shape of the tubes may be readily dis¬ 
torted and even the centers of the eddies 
displaced in such a way as to conform 
with the distribution of the electrical 
properties of the earth, especially of that 
portion which constitutes the more im¬ 
mediate environment of a given eddy. 
It also seems likely that the development 
and the orientation of the eddies should 
be in some relation to the magnetic axis 
of the earth. When the general aspects 
of pertinent earth-current data are 
viewed in such a perspective they will, 
it is believed, be seen to be consistent 
with the principal features of the inter¬ 
pretation which the charts are designed 
to convey. 

Returning again to an examination of 
the charts, it will be noticed that the 
current in the daylight eddies is consid¬ 
erably greater than that in the others; 


at least this is true for the eddies located 
in the middle latitudes. The centers of 
the forenoon eddies of the middle lati¬ 
tudes are approximately on the meridian 
for which the time of day is 9 a.m., while 
the afternoon eddies center on the me¬ 
ridian for which the time is about 3 p.m. 
Considerable flexibility must be allowed 
for this feature. The circulation in the 
forenoon eddy of the northern hemi¬ 
sphere and that in the afternoon eddy 
of the southern hemisphere are clock¬ 
wise, whereas in the other two daylight 
eddies the circulation is counter-clock¬ 
wise. A similar description applies to 
the night-time eddies 

The circulation in the eddies of the 
Arctic region is in the same sense as the 
corresponding eddies of the middle lati¬ 
tudes in the northern hemisphere. As 
these eddies move relative to the earth 
the direction and intensity of the earth- 
current at a given place change, those 
changes depending upon the position 
that place may occupy in the eddies and 
hence depending also upon the latitude 
of the place. This, then, is the world 
view of the gross aspects of the quiet- 
period earth-currents—the most compre¬ 
hensive interpretation thus far made of 
the tranquil electric messages from the 
earth. It is, however, but a beginning; 
much deciphering remains yet to be done. 
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The concept of social 11 forces ,’’ ^ac¬ 
celeration ” of a social process, “momen¬ 
tum” of a social movement and some 
other analogues from physics are much 
used in sociology with a vague meaning. 
It is here proposed to define them for 
scientific purposes as compounds of basic 
concepts which can be objectively ob¬ 
served, verified and measured. These 
compounds may be defined by a system 
of equations using, not sterile analogies, 
but analogous reasoning to that used in 
physics. 

Basic Concepts 

(1) Time. The time aspect of most 
social phenomena may be expressed in 
terms of years, Y, U i (where subscripts 
denote terminal dates) as more suitable 
for social change than the seconds of 
physics. Other non-solar concepts of 
social time may describe some social 
phenomena more adequately (such as 
“adolescence,” “maturity,” “old age,” 
etc.), but if they are reducible to quanti¬ 
tative units, they must be transposable 
into terms of solar years or else be some¬ 
thing other than “time.” 

(2) Population. A second basic con¬ 
cept is the size of the population, P, 
involved in the sample studied. Its unit 
is the average person in that sample. 
While individuals in a group vary, yet 
for purposes of measuring social changes 
in groups between different dates the 
mean may represent each group. 

(3) “Indicia.” A third basic concept 
is that of the “Indicia,” I, or units of 
the index (or “indicator”) which mea¬ 
sures any quantitatively expressible 
characteristic of a population. The indi¬ 
cator of a population, to use a term free 
of the narrower connotation of an 


economist’s “index,” may be a mean 
score on some scale, a death rate, a per¬ 
centage of illiteracy, a correlation coeffi¬ 
cient expressing a relationship of two 
phenomena in the population, an average 
expectancy of life, the per capita income 
of that population or its standard devia¬ 
tion or any other social statistic which 
characterizes a definite population. For 
each of the many types of indicators the 
term sub-indicator, S, may denote the 
status of, or the value characteristic of, 
one case within the series. Thus, where 
the indicator is the birth rate, a sub¬ 
indicator is the birth rate of Ohio within 
the series of the birth rates of the states. 
The units of such indicators may be 
termed indicator-units or “indicia” for 
convenience in dealing with them as a 
class, as in the compounded concepts to 
be defined below. An indicator, such as 
the Chapin scale of socio-economic status, 
defines a line or a continuum of some 
characteristic in social space; a sub-indi¬ 
cator, or status, is the position of a cer¬ 
tain population on that line specified as 
at a given distance, or number of indicia, 
from the zero point or origin. The 
status will often be a ratio whose denomi¬ 
nator is P, as in an average score 

s=^r (i) 

or a divorce rate per thousand, or a 
percentage 1 of foreign born. It should 
i The indicia here are not numbers of persons 
but successive categories of crude two-category 
variables, “divorced—not-divorced,” “foreign- 
native.” Giving the two categories of this 
variable value of one or nothing, the per cent, 
divorced is the mean of the variable as it is the 
average of the values of the variable* each value 
multiplied by the frequency of eases at that 
value. 
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not be an absolute number of persons, 
such as the number dying in a country, 
as then S ceases to be so clearly a charac¬ 
teristic of, or related to, the whole popu¬ 
lation, P, and confusion results between 
S and P when they are later compounded 
in the concepts of momentum and force. 

Compound Concepts. With the three 
fundamental types of units, years, popu¬ 
lation and indicia, further compound 
units may be readily derived to describe 
social phenomena. 

Social Change. A difference in the 
status of a population on two different 
dates, i and ii, can measure the social 
change that has occurred in the period, 
in so far as the indicia are appropriate 
and accurate. The formula is: 

0 = 8 u -8, (2) 

Velocity. The time rate with which a 
social change goes on may be expressed 
as the units of change divided by the 
number of years in which the change 
occurs 

V r C/Y r(8, t -8|) + Y 11-1 (8) 

Thus if the percentage of unemployed in 
a defined population fell from 15 per 
cent, in 1932 to 10 per cent, in 1934, the 
annual speed of change would be .05 + 2 
= .025 indicia, where indicia are percent¬ 
age units. 

Often the indicia are not of this static 
sort whose amount on a given date can be 
determined, but are of the dynamic units 
of change or process itself as, when they 
may be defined acW or events, in time. 
Thus the social process of communication 
may have the velocity of its telephonic 
component measured by defining an in¬ 
dicium as one telephone call. The num¬ 
ber of telephone calls occurring for a 
year, then, is the velocity of this social 
process. Of course this is alternatively 
expressible as the total number of calls, 
since some arbitrary date, at the begin¬ 
ning of the year, B», subtracted from the 
total number at the end of the year, S )t , 


giving the change or amount of the 
process occurring in that unit period. 

This average velocity for a period be¬ 
tween date i and date ii can be more 
accurate in the rare cases where a curve 
has been found to fit the d&ta well, as 
then the derivatives of the equation of 
the curve give the velocity of change at 
any date within the period. 

Acceleration. The velocity of social 
change, or the speed of “progress” may 
itself be speeded up (or slowed down). 
This acceleration, or rate of change of 
velocity, is measurable as the difference 
in two observed velocities divided by the 
time interval 

A=(V b -V.) + Y^ (4) 

Thus, if the quota of a Five Year Plan 
is increased during the period, progress 
in that respect may be accelerated. 

Population-change. A concept, not 
used in physics, but which may be useful 
in social phenomena, is that of a popula¬ 
tion changed a certain amount irrespec¬ 
tive of any time taken. Sometimes the 
terminal dates for a measurable change 
are not determinable. This concept of 
population-change is measurable as their 
product 

Pc = P • C (8) 

The unit of population-change is one 
person changed one indicium, as in a 
child promoted one school grade or one 
person changed one point of score on an 
attitude scale. 

Momentum. Another current phrase 
is that a social movement “is gathering 
momentum” or “headway.” This con¬ 
cept may be precisely defined as the 
product of the velocity of change and the 
population changed, 

M = VP. <fl) 

Thus a movement may increase its mo¬ 
mentum extensively by drawing in more 
people or intensively by increasing the 
speed with which a given group is be- 
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ing changed. A consumer's cooperative 
movement may increase its momentum 
by either getting more people to partici¬ 
pate or by getting its clientele to buy a 
larger per cent, (indicia) of all their 
purchases from the cooperative store. 
Again a mass movement for non-coopera¬ 
tion in India which in its boycott cuts 
purchases of foreign goods x rupees per 
capita annually among 100,000 adher¬ 
ents has half the momentum of one which 
either cuts purchases twice as much or 
doubles the number of adherents. 

Force. A social force may next be 
defined as all that which accelerates so¬ 
cial change in a population. It is mea¬ 
surable as the product of acceleration 
and population 

~ \y^77~ TT77 

Pi 4 P|, 4 P Mt + P <T 

2Y ( ,» + in . H . i) 

noting that the average population of the 
surveys at different dates is used in case 
the ideal experimental technique of mea¬ 
suring only the identical individuals has 
been impossible. 

Social forces may be physical, biolog¬ 
ical or social in origin, but as they stimu¬ 
late the neural system in some way 
whether internally or externally, the unit 
of social force might be christened a 
“stim,” a unit of total stimulation. A 
“stim" is defined as one person changed 
one indicium per year per year. It is 
thus relative to the particular kind of 
indicator measuring a social status or a 
change. 8 For some purposes the status 

~R« n H <T CTBi|g8, T ~BB |,g <t |qg n q > 


may be compared with the similar status 
of another country, but for administra¬ 
tors the time rate of changing the status 
and the inertia due to the size of the 
population are important factors and a 
single measure combining all three, as 
force does, may be a useful summarizing 
concept. 

Other concepts may be compounded on 
the model of work, energy and power. 
But these seem to have less utility for 
social phenomena. The physical terms 
should not be borrowed unless they offer 
real clarification in thinking about social 
phenomena. 

Probable errors . The formulae for the 
standard errors of sampling for the 
above concepts are as follows; 4 derived 
by the usual process of differentiating 
both sides of equations (1) through (7), 
squaring, summing and dividing by N, 
where Y and P are considered to be con¬ 
stants : 




Or = Oc/Y 


the usual 0 of a 
difference where 
0 , may be that of 
a mean, (8) 
a percentage, or 
whatever the sub¬ 
indicator is (9) 


0« — (On + 0Tf 2r* JT a On 0ra)/Y f „ j 


( 10 ) 


0cp “ POc 
0m = P0 t 

Of = Pa. 

where 


( 11 ) 

( 12 ) 

(18) 


Brin = Be,, „ , C|r - III = R(*n - *1) (*|r - ®f tl) = 

t| | ~ Rs t 8 tv OB|OB, v + Bh, »t 1 1 08,0^1,, (14) 


li-l c ir - 


2 Note that to determine acceleration the 
status of a group must be measured on a mini¬ 
mum of three separate dates (date ii may coin¬ 
cide with iii in the formula above). The veloci¬ 
ties are average ones for the two periods ii-i 
and iv—iii and so are best taken as the velocities 

at their mid dates iLti and ^ -* ** which are 

a 2 

denoted by the subscripts a and b, respectively, 
* For an example of “stilus” worked out and 
compared in an experimental and in a control 


and where rB M n b ~ *ij b the correlation be¬ 
tween means (when 8 is a mean) being 

group, as well as for a fuller statement of this 
theory see: Dodd, 8. 0., “A Controlled Experi¬ 
ment in Bural Hygiene in Syria, ’' American 
Univ. of Beirut, Syria, pp. 207-222, 1984. 

< Acknowledgment is due to Professor T. L. 
Kelley for assistance in checking over these 
formulae and their assumptions. 



MEASUBEMEN^OF SOME SOCIAL FOBCES 


61 


the correlation between the variables 
(indicia) under conditions of random 
sampling. 

Diversity of the Indicia. Since there 
are many kinds of index units, each ap¬ 
propriate for some social characteristic, 
there will be a corresponding diversity 
of “stims” and other compounded units. 
The compounded units must always have 
an accompanying specification as to the 
indicator involved (as well as the period 
and population where these are called 
for). “Stims” (and other compounded 
units similarly) will be comparable only 
when based on the same kind of indicia. 

In order to systematize the diversity of 
indicia there are at least three techniques 
that may be of service. The first is to 
list all the types of indicia and attempt 
their classification on some suitable basis, 
or alternative bases, in order to reduce 
them to a smaller number of orderly 
categories. A second technique is, 
wherever possible, to find and express 
diverse indicia in common units, as per¬ 
centages or indexes of a common base, 
as standard deviation units, etc. 

A third technique is that of factorial 
or vectorial analysis of the observed vari¬ 
ables (indicators) under the limited con¬ 
ditions where all their intercorrelations 
are securable. Considering each indi¬ 
cator as a vector, the angle between every 
pair of them in n-dimensional social 
space is given by the correlation coeffi¬ 
cient as the cosine of that angle. Thus 
if two indicators, hygienic score and in¬ 
come, have a correlation of .50, the angle 
between their vectors is 60°. By deter- 
minantal algebra it is possible to trans¬ 
form these n vectors, representing the n 
observed sets of indicia, into n other 
orthogonal vectors (which are all mu¬ 
tually at right angles to every other vec¬ 
tor), or, under certain limiting condi¬ 
tions, into less than n other vectors (or 
44 general factors”), either orthogonal 
or oblique, as desired by the investi¬ 
gator. This realization of the principle 
of parsimony has the advantages that the 


observed interrelated variables are ana¬ 
lyzed into categories or factors which 
fulfil the canons of classification in that 
they are (a) mutually exclusive (if 
orthogonal), (b) totally inclusive (of 
all the phenomena) and (c) have mathe¬ 
matically defined boundaries. The dis¬ 
advantages are that: (a) usually no 
unique analysis is possible; (b) where 
alternatives exist, the choice of the 
“best” analysis is somewhat arbitrary 
still; (c) the mathematics are difficult 
and uninterpretable by persons un¬ 
trained in these concepts; and (d) the 
theory is still under development with 
the usual controversies over issues that 
frontier on the unexplored. Neverthe¬ 
less, it may become a powerful tool for 
analyzing and systematizing diverse so¬ 
ciometric phenomena. 5 

Resisting Forces and Other Auxiliary 
Concepts 

A force as defined above is a net force, 
i.e., that part of the stimulation which 
produces an acceleration of a social 
change in a population in addition to 
overcoming whatever resisting forces 
there may have been in the total situ¬ 
ation. The problem of measuring these 
resisting forces, F r , which resist the 
force, F, at issue (such as attitudes 
glorifying war which resist pacific propa¬ 
ganda) is one of developing indicia for 
the supposed resisting forces, measuring 
them, correlating them with the force at 
issue, and analyzing out of the vectors 
the positive, negative or neutral com¬ 
ponents which show the degree to which 
the hypothesis that F r was resisting F is 
true or false. 

A force should not be confused with a 
cause. Force is here defined, as in phys¬ 
ics, in terms of effects 4 ‘that which has 
accelerated a population.” The nature 
of the partial causes of this measured 
effect, or total force, is a further problem 

0 Full exposition of this vectorial analysis may 
be found in “The Vectors of the Mind,” Uni¬ 
versity of Chicago Press, 1935. 
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in measurement or at least in forming 
hypothesis depending on the knowledge 
and insight of the investigator. 

A factor denotes correlation with what¬ 
ever variable it is a factor of; it may or 
may not be a cause. 

An agency is the human and/or ma¬ 
terial organization which stimulates a 
group, i.e., which generates a forcB, just 
as an engine does in physics. 

Newton’s Laws of Motion. The con¬ 
cepts may be further clarified in the 
form of a paraphrase in social terms of 
Newton’s three laws of motion. With¬ 
out asserting any metaphysical assump¬ 
tion about the nature of social phe¬ 
nomena, the paraphrases may be taken 
as a convention to define terms, a frame 
of reference, arbitrary perhaps, but use¬ 
ful as a standard to fix meanings of other 
concepts and units relative to that frame. 
The paraphrases are: 

(1) Whatever changes the status of a popula¬ 
tion or its process (or changing) in rate or di¬ 
rection, is called a social force. 

(2) Change of rate of a social change or 
process is proportional to the social force and 
takes place along the line defined by the indicia 
in which the social change is measured. 

(3) Forces and their total resistances are 
equal and opposite. 

The first principle takes the existing 
static or dynamic state of a population 
as the zero point of a frame of reference 
and uses departures from it to define 
forces. Instead of the existing state any 
other could be taken, but how choose 
which of innumerable possible states of 
change to take as the standard f There is 
only one existing state at a particular 
moment, so that choosing it as origin of 
a frame of reference is logically compell¬ 
ing. There is no metaphysical assump¬ 
tion of inertia, i.e., that the “normal” 
nature of society is to be in its present 
status or rate of change; it is merely a 
choice of coordinates which enables de¬ 
fining other concepts. 


The second principle defines the units 
of force in terms of the units of the so¬ 
cial change involved and points out their 
vectorial nature in having both amount 
and direction. 

The third principle enables an equa¬ 
tion of balancing all the positive and 
negative forces of a given kind, whether 
identifiable or not, that are acting on a 
population. 

Finally, a warning as to some of the 
limitations of this system of concepts 
may prevent their misuse. 

(1) These concepts should not be in¬ 
terpreted as implying a mechanistic con¬ 
ception of society; they are intended 
merely as definitions of some compound 
units for more precise expression of those 
few social phenomena in the very limited 
sector where basic units measuring social 
characteristics have been devised. 

(2) The derived units are no better 
than the basic indicia; if these are in¬ 
appropriate, inaccurate or inadequate 
for measuring the characteristic of which 
they are indices, the derived units will 
be bad ones in consequence. The essen¬ 
tial problem is to get good indicia. 

(3) In addition, the velocity, accelera¬ 
tion, force, etc., are in the nature of 
averages or trends for the periods speci¬ 
fied. They oversimplify the situation 
wherever more detailed knowledge of 
variations is needed; they summarize net 
results obscuring analysis of component 
parts and neutralized resistances. 

(4) The probable error formulae for 
interpreting the significance of observed 
quantities are based on the assumption 
of random sampling—an assumption 
which may not be tenable in a given set 
of measurements. 

(5) The concept of indicia should not 
lead one to treat the diverse kinds all 
alike. It should lead to deeper study of 
statistics to learn the properties of each 
kind and the limits of their appropriate 
manipulation and interpretation. 
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THE SOYBEAN POINTS THE WAY TO 
AGRICULTURAL RECOVERY 

By Dr. A. A. HORVATH 

CHEMIST, AGRICULTURAL EXPERIMENT STATION, NEWARK, DELAWARE 


While in ancient Rome the ballots 
were usually cast by black or white 
beans, it seems very likely that in the 
present transitional stage of our coun¬ 
try another bean, the soy, is destined to 
play a decisive role as an example of a 
constructive and practical way towards 
the restoration of the buying power to 
the American farmer—a sine qua non 
for the return of prosperity to the 
United States. 

While agriculture’s chief purpose 
merely consists in converting the un¬ 
marketable water, air and sunshine, as 
well as the minerals of the soil, into 
marketable products through the appli¬ 
cation of labor, tools and the use of 
various farm animals, it is evident that 
lasting agricultural prosperity is depen¬ 
dent upon further application of labor 
and machinery, namely, upon the de¬ 
velopment of industrial uses for farm 
products which would take care of the 
existing surpluses and create a con¬ 
tinuous demand for agricultural raw 
materials. 

The soybean is a vivid example of a 
crop with an amazing diversity of 
industrial uses. As yet, however, we 
are only beginning to suspect the extent 
of the potentialities which further scien¬ 
tific research may discover and which 
commercial development may transform 
into actualities. 

The 20 per cent, of oil contained in 
soybeans was the main factor responsi¬ 
ble for their becoming popular with the 
Oil millers. In 1934 soybean oil consti¬ 
tuted 11.6 per cent, of the world’s pro¬ 
duction of vegetable oils. The United 
States production of soybean oil for the 
same year amounted to 1.6 per cent, of 


the total U. S, production of vegetable 
oils, constituting about 2.5 per cent, of 
our domestic cottonseed oil—a 2.5 times 
increase in the ratio soybean oil/cotton- 
seed oil since 1930. 

According to official figures, in 1935 
American farmers planted 5,463,000 
acres in soybeans grown alone. There 
was also a large acreage grown with 
corn and other crops for forage. The 
soybean crop in the six important bean- 
growing states—Ohio, Indiana, Illinois, 
Iowa, Missouri and North Carolina—is 
estimated at 33,541,000 bushels, nearly 
twice that of 1934 and three times the 
six-year average (1928-33). 

The total quantity of domestic soy¬ 
beans harvested in 1935 is placed at 
39,637,000 bushels. Allowing 10,600,000 
bushels of soybeans for seed, feed and 
other farm uses, over 29,000,000 bushels 
are available this season for crushing, 
export and carryover, compared with 
the 8,660,000 bushels crushed from the 
1934 crop. Trade reports indicate that 
during the last part of 1935 soybean 
mills have been working at near capac¬ 
ity, Some cottonseed oil mills are also 
crushing soybeans in considerable vol¬ 
ume, turning out old process, hydraulic 
type oil meal. 

The hydraulic press system possesses 
the disadvantages common to all discon¬ 
tinuous processes, mainly, the large 
labor requirements and losses of time in 
charging and discharging the presses. 
The Anderson expeller was developed to 
meet the need for oil-producing equip¬ 
ment, which is continuous in its opera¬ 
tion. The expeller, once started, re¬ 
quires very little attention, one man 
being able to care for several machines. 
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Tlie disadvantage of the expeller is a 
larger power requirement than the hy¬ 
draulic press method. Soybean meal 
output this season may be considerably 
larger than the record production dur¬ 
ing the last year, which totaled 223,000 
tons. 

Where the oil milling is done by the 
hydraulic press or the expeller method 
the oil comprises only about one seventh 
of the weight of the beans, while the 
cake or meal comprises approximately 
six sevenths. The demand for soybean 
meal has been for years the limiting 
factor for the expansion and volume of 
activity of our domestic oil milling 
industry. This meal is being used 
almost exclusively for feeding live stock, 
competing with our cottonseed and flax¬ 
seed meal, the market price for which 
is a major basis for determining the 
price to be paid for the new soybean 
crop. The price at which beans of the 
1935 crop have been contracted by the 
soybean oil mills was thus set at 75 
cents per bushel, and trade reports indi¬ 
cate that soybean oil mills have been 
working since at near capacity. 

Figures, compiled by the Illinois 
State Agricultural Experiment Station, 
show that for five years (1927-31) the 
average yield per acre of gathered soy¬ 
beans amounted for the whole United 
States to only 13.8 bushels per acre, 
with Illinois leading at 16.2 bushels per 
acre and Iowa following with 15.9 
bushels per acre. It means that in 1935 
the soybean grower was receiving in 
Iowa only $12.00 gross income per acre, 
while the cost of growing soybeans was 
estimated (for 1933) by the Iowa State 
Agricultural Experiment Station as 
$16.56 per acre (labor being calculated 
at 20 cents per hour). Even at a yield 
of 20 bushels of soybeans per acre the 
gross income at 75 cents per bushel 
would amount to only $15.00, It is 
therefore evident that the 1935 crop 
year brought the soybean grower in the 
central states a net loss per acre of 


$4.56 (at a yield of 16 bushels per acre) 
or of $1.56 (at a yield of 20 bushels per 
acre), the loss being proportional to the 
number of acres under soybean cultiva¬ 
tion. In a 1935 Iowa State College pub¬ 
lication it is estimated that with a yield 
of 20 bushels per acre soybeans would 
have to be sold for about $1.10 a bushel 
to return the same profit as corn. 

It is evident that in order to bring 
about an increase in the price for the 
millions of bushels of soybeans crushed 
as well as to create a demand for addi¬ 
tional millions of bushels and to make 
soybean growing a paying proposition 
it is necessary to remove the major part 
of to-day's soybean oil meal from the 
highly competitive and crowded feed 
channel and to convert it into products 
of higher market value. Such a move 
would also have a favorable effect on 
the price for cottonseed and flaxseed 
meal, thus helping in the recovery of 
another agricultural commodity. It is 
understood that where the soybean oil 
milling is being carried out from local 
beans by smaller rural mills and the 
meal is consumed for feeding the farm 
stock of the local district, the disposal 
of the meal could take place through the 
feed channel, since in such an instance 
the costs of transportation and market¬ 
ing would be greatly reduced, thus 
enabling the rural oil miller to sell the 
meal at a reduced price to the bean- 
grower either directly or through the 
local feed mixer. 

The three main industrially valuable 
constituents of soybean press meal are: 
the protein, over 40 per cent; the Phos- 
phatides (Lecithin and Cephalin), from 
2 to 3 per cent.; and the oil, about 5 
per cent. 

The soybean protein (“Glycinin”) 
resembles in its properties the casein of 
milk. It is liquefied by solutions of 
weak alkalies and is precipitated from 
solutions by acids, the isoelectric point 
being a pH of about 5.4. This property 
of soybean Glyeinin can be used by the 
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Food Administration for the quantita¬ 
tive estimation of soybean flour or meal 
in sausages. Adequately processed, soy¬ 
bean meal is suitable for mixing up to 
50 per cent, in all kind of sausages 
which can be sold at a substantially 
reduced price, thus helping the meat 
packers to expand the volume of meat 
consumption by reaching customers who 
would not have the means to buy pure 
meat sausage. 

When hydrolysed by acids or en¬ 
zymes, soybean protein is converted into 
soy sauce, which is used for bouillon 
extract preparations and has been for 
decades the base of Worcestershire 
sauce. Brewers have recently become 
interested in soybean protein for 
increasing body in beer. 

Glycinin possesses the property to 
form water — insoluble 1 4 glycinates* ’ 
(similar to the “caseinates'* of milk) 
with the metals of alkaline earths as 
well as with aluminum and the heavy 
metals. When glycinin is treated with 
formaldehyde it is converted into a 
thermoplastic resin. Briefly, soybean 
protein is capable of taking the place of 
casein (which is much more expensive 
and is being imported to the U. S.) in 
a large number of industries, Buch as 
sizing for paper, glue (waterproof) and 
plastics, all of which are already in 
existence in our country. At the 1933- 
34 International Exposition in Chicago 
all exterior walls and sub-floors of the 
Hall of Science were constructed of ply¬ 
wood panels glued with soybean glue. 
To-day soybean meal is used by the 
Ford Motor Company for the manufac¬ 
ture of horn buttons, gear shift lever 
balls, light switch handles, distributor 
bases, distributor cover and window 
trim strips. When great resistance to 
moisture or high dielectric strength is 
desired, resins are produced by the 
simultaneous condensation of the soya 
proteins and phenol or urea with for¬ 
maldehyde in the presence of cellulose 
and carbohydrates. With the comple¬ 


tion of the new $5,000,000 River Rouge 
plant for soybean plastics, the use of 
soybean meal will extend to making 
dashboards and probably also automo¬ 
bile bodies. 

As early as 1915 a United States 
Patent was granted to Dodd for making 
plastic materials from soybean meal, fol¬ 
lowed in 1917 and 1918 by a whole series 
of patents issued to Satow. To-day their 
term has expired and the road is open to 
ambitious manufacturers to use soybean 
meal for the manufacture of soybean pro¬ 
tein itself (called incorrectly “casein”), 
of plastic materials from the protein, 
wall board, floor cover compositions, 
insulating compounds, artificial leather, 
etc. 

In recent times a method has been 
devised for hardening and strengthen¬ 
ing iron and steel by exposing the 
heated metal to a composition contain¬ 
ing 90 per cent, of soybean meal mixed 
with various salts. It is claimed that 
this method of hardening requires only 
one tenth of the time required for the 
same purpose by the usual methods. 

Soybean meal has attracted much at¬ 
tention as a base for water paint (in 
combination with caustic lime) which is 
being recommended for farm buildings, 
fences, garages, advertising boards, 
depots, etc. It would make an excellent 
whitewash material for painting the 
middle line of our highways, its guard 
fences, marks, danger signs, etc., due to 
its cheapness and water resistance. 

Soybean meal could find a large out¬ 
let in the building of our roads, since 
it is an emulsifier for asphalt and coal 
tar. It has also been recommended, in 
combination with alkalies, as an emulsi¬ 
fier for mineral oils for dormant spray 
purposes, for copper spray mixtures 
(Bordeaux), etc. Soybean meal is a 
valuable protective colloidal mixture and 
an adhesive as well as an emulsifying 
agent. The latter property is due 
largely to the presence in soybean meal 
of a comparatively large percentage of 
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phosphatides of the lecithin type 
(cephalin’s emulsifying properties are 
not sufficiently known). 

In a general way lecithin seems to 
act on fats as a protective colloid, and 
it tends to prevent the separation of 
fractional constituents. When cooled, 
liquefied fats containing lecithin solidify 
to a homogeneous mass. One million 
pounds of commercial soya phosphatides 
are used annually in the margarine 
industry of Germany, and the other 
applications of lecithin include the bak¬ 
ing and confectionery trades and the 
textile industry. Being an excellent 
emulsifier and possessing a high fat- 
liquoring value, soya lecithin is particu¬ 
larly valuable for the leather industry, 
causing an increase in the absorption of 
grease by the leather and permitting the 
use of higher temperatures. Soya leci¬ 
thin is also an excellent leather softener 
and penetrates the hide and becomes 
partly fixed in it and can not be later 
washed out as easily as the sulfonated 
oils. Recently the rubber industry has 
begun to use soybean lecithin for mill¬ 
ing rubber to powder as well as for cer¬ 
tain rubber compositions. 

Soya phosphatides (lecithin as well as 
cephalin) are shown to possess antioxi¬ 
dant properties, and in amounts of from 
0.05 to 0.1 per cent, are capable of “pro¬ 
tecting” edible fats and oils from ran¬ 
cidity. 

While the emulsifying properties of 
lecithin are well established, those of 
cephalin are not, and it is desirable to 
change the existing commercial habit to 
label as “lecithin” mixed soya phospha¬ 
tides which consist de facto of only 
about 40 per cent, of lecithin and 60 per 
cent, of cephalin. Cephalin, under its 
own name, has every chance of becom¬ 
ing a commercial success in its field, 
while at present it is in many instances 
a liability. 

Up to recent times commercial soya 
phosphatides have been imported to this 
country from Germany and Denmark, 


and during the depression years of' 
1930-33 its sales showed a steady gain. 
At present some domestic soya “leci¬ 
thin” has appeared on the market. It 
took our industries ten years to estab¬ 
lish the first working soya phosphatides 
extraction plant since the first U. S. 
patent on soya lecithin extraction and 
purification has been granted to Boll- 
mann in 1923. While hen’s eggs and 
the soybean oil meal contain approxi¬ 
mately equal amounts of phosphatides, 
the market price for the latter is from 
ten to twenty times cheaper than for 
egg lecithin, thus opening a much wider 
range of possible commercial applica¬ 
tions. At the existing market price 
(about 50 cents per pound of the tech¬ 
nical grade soya phosphatides contain¬ 
ing 40 per cent, of oil vehicle) an addi¬ 
tional income of about 50 cents per 
bushel of soybeans (as well as from the 
meal derived therefrom) is assured to 
the progressive manufacturer. It is sur¬ 
prising to notice that in the 1930 official 
booklet on soybean oil meal, issued by 
our National Soybean Oil Manufac¬ 
turers Association, soya phosphatides 
are not even mentioned among the com¬ 
ponents of the meal. 

The phosphatides can be separated 
from the soybean (as well as from the 
oil meal) only by the extraction (sol¬ 
vent) method, and the developing of 
soybean extraction is one of the major 
problems which is confronting our soy¬ 
bean industry. Against our yearly vol¬ 
ume of 5 million bushels of crushed 
beans Germany used in 1931 a volume 
of 37 million bushels and in 1932 as 
much as 44 million bushels, all soy¬ 
beans being imported from abroad and 
handled by the solvent process which 
separates the three main commercially 
valuable constituents of the soybean, the 
protein meal (flour), the phosphatides 
and the oil. Extracted soya meal has a 
number of industrial applications for 
which press meal (still containing S per 
cent, of oil) can not be used. 
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In our country extraction is only in 
its infancy, because of the absence, up 
to recent times, of a low-priced depend¬ 
able continuous extraction unit simple 
and safe to handle, as well as to the lack 
of printed information dealing with sol¬ 
vent extraction, the organic solvents 
(hydrocarbons and chlorinated hydro¬ 
carbons) and their safe handling, the 
further procedures in separating and 
refining the phosphatides and the com¬ 
mercial outlets for soybean extraction 
materials. Very few U. 8. patents are 
dealing with these problems, and they 
are to-day an open and promising field 
for the research worker and the indus¬ 
trialist alike. 

By the extraction method less oil is left 
in the meal to be sold at the meal price of 
2 cents per pound instead of the oil 
price, 9.25 cents per pound. This dif¬ 
ference on a twenty bushels per acre 
yield of beans, containing 18 per cent, 
oil, amounts to $2.27 per acre on a ten- 
ton per day plant, or $11,350 per year. 

In 1934 our domestic soybean oil has 
been absorbed by the following trades: 

Compounds and vegetable 

shortenings .. 2,735,000 pounds 


Oleomargarine 

24,000 

Other edible products 

509,000 

Soap 

1,354,000 

Paint and varnish 

10,451,000 

Linoleum and oilcloth 

2,843,000 

Printing ink 

59,000 

Miscellaneous products 

. 2,109,000 


To-day the edible oil outlet is consum¬ 
ing 90 per cent, of the total domestic 
soybean oil produced, due to the advan¬ 
tage over other oils in rancidity resis¬ 
tance, better color and satisfactory 
price. It is regrettable that the indus¬ 
tries using soya oil for margarine, salad 
oil and mayonnaise never make men¬ 
tion of soya oil as a constituent of their 
products. 

The press — expeller — and solvent- 
extraction soya oil, when refined, is 
equally good for use in the paint indus¬ 
try. Expeller oil contains traces of 


phosphatides and solvent-extracted soya 
oil is rich in these constituents which, 
unless removed, act as retarders of oxi¬ 
dation. 

About twenty years ago, H. A 
Gardner, the present director of the 
Institute of Paint and Varnish Re¬ 
search, demonstrated that through heat 
treatment and the use of proper dryers 
raw soybean oil may be dried almost as 
rapidly as boiled linseed oil. The drier 
combination that produced the best re¬ 
sults were a mixture of manganese lino- 
leate (0.03 per cent. Mn), cobalt lino- 
leate (0.01 per cent. Co), and lead 
linoleate (0.20 per cent. Pb). 

The valuable natural properties, elas¬ 
ticity and flexibility of film and non¬ 
yellowing, are best utilized when soy¬ 
bean oil is polymerized. Soybean oil 
has also been recommended for grinding 
paste colors. To-day, in the state of 
Illinois one out of every ten farmers 
has one or more buildings painted with 
a paint containing up to 33 per cent, of 
soybean oil in the vehicle. This has 
been achieved through good quality soy¬ 
bean oil paint and a reasonable price, 
through the cooperation of the State 
Agricultural Experiment Station and 
the example of the state administration 
who painted with soybean oil paint the 
state building at the Chicago Fair as 
well as the governor’s executive man¬ 
sion. 

In 1934 the soybean used in our paint 
trade was only 2.8 per cent, of the total 
amount used in that industry. Further 
development and expansion - along this 
line seems desirable, since present an¬ 
nual importations of flaxseed are 
amounting to about 500 million pounds, 
which corresponds to about 150 million 
pounds of linseed oil (37 per cent, of 
the total production). Linseed oil and 
soybean oil are quoted to-day on our 
market about at par, while in the past 
soybean oil was always quoted a few 
points helow linseed oil. Considering 
that excise taxes on imported oils are 
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rapidly rising, the domestic paint indus¬ 
try will directly benefit by developing a 
domestic source of supply for its raw 
materials. 

Soybean oil has found an application 
as a core sand dry bond, and its possi¬ 
bilities as a basis for “cutting oil” are 
being studied at the University of 
Michigan Engineering School, both 
fields being to-day dominated by linseed 
oil. 

At present soybean oil and its acids, 
as well as glycerine, are used fairly ex¬ 
tensively in a number of alkyd resins 
which are sold under various trade 
names, such as Glyptal, Rezyl, Dulux, 
Beckosol, etc. The Glyptal type syn¬ 
thetic resins are used by practically all 
varnish factories and to a large extent 
by the lacquer industry. One distinct 
advantage of these resins is their dura¬ 
bility, their aid in retention of tint 
values and high gloss. 

In high-temperature bake enamels the 
gloss, durability, adhesion and flexibility 
of enamels made with soybean oil in con¬ 
junction with synthetic resins of the all- 
phenolic type has led to tremendous 
increase in the use of soya oil. The oil 
has the advantage of being much 
cheaper and more readily available from 
domestic sources than tung oil. High- 
bake enamels of this kind open up new 
fields of use for the varnish manufac¬ 
turer. They have the elasticity and 
toughness which is desired in a lacquer 
film and at the same time have water- 
resistance and alkali-resistance which 
can not be obtained with ordinary lac¬ 
quer or quick-drying enamel. The flexi¬ 
bility of these films also opens the possi¬ 
bility of producing more suitable wire 
enamels which do not soften so readily 
under heat, and which when wound 
under tension, will not cause short cir¬ 
cuiting due to the softening of the 
varnish film 

Our automobile industry is to-day 
using large quantities of synthetic resins 
and enamels where soybean oil is one of 


the constituents. A finish for automo¬ 
bile bodies was developed by the Ford 
Motor Company, employing soybean 
resin as a coating and soybean oil as a 
carrier of pigment. 

The value of soybean oil for the syn¬ 
thetic resin and high-temperature bake- 
enamel development was largely due to 
the fact that this oil contains about 50 
per cent, of linoleic acid. The presence 
of this acid makes soybean oil well 
adapted also for the manufacture of 
linoleum as well as soft soap where lin¬ 
seed oil is at present still a major 
ingredient. Soaps (hard as well as 
soft), containing soybean oil, are known 
to withstand hard water very well with¬ 
out impairment of their lathering ca¬ 
pacity which view is contrary to the 
much advertised statement that coco¬ 
nut oil or palm kernel oil are abso¬ 
lutely essential in soap which is em¬ 
ployed in waters having any degree of 
hardness. For this reason soap manu¬ 
facturers could use soybean oil to a 
much larger extent than they do to-day, 
and it should be remembered that in 
1917 over 124 million pounds of soybean 
oil have passed through the kettles of 
our soap industry for hard and soft 
soap alike (some of it after being hydro¬ 
genated). During the post-war period 
our automobile variety of soft soap de¬ 
pended largely upon soybean oil. If 
the Guffey-Dockweiler Bill, permitting 
duty-free imports of coconut oil to the 
United States for soap-making, is 
passed, it will substantially damage the 
cause of our soybean grower. While 
the price for an oil or fat is undoubt¬ 
edly an important factor where a large 
percentage of the material is used, it is 
still advantageous and profitable to in¬ 
corporate a smaller percentage of a more 
expensive oil when the quality of the 
soap is substantially improved by it. 

Some years ago soybean oil was con¬ 
verted into an effective and compara¬ 
tively cheap waterproofing substance. 
It is a viscous yellow liquid which is 
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mixable with cement and does not affect 
its strength. It stands sea water ex¬ 
ceedingly well. Its uses are numerous— 
for foundation work, basements, roof 
gardens, tunnels, bridge piers, reser¬ 
voirs, cement pipes, etc. It prevents 
effectively the corrosion of steel skele¬ 
tons in reinforced concrete. 

In reviewing the industrial uses of 
the soybean the food angle should not 
be overlooked. During the last decade 
edible whole flour is steadily gaining in 
popularity. With the beany taste re¬ 
moved by distillation and the keeping 
quality enhanced, a high concentrated 
and palatable product is available which 
in quantity and quality of protein, as 
well as in fat, possesses double the value 
of lean beef, and which in addition con¬ 
tains over 2 per cent, of phosphatides, 
nearly all the known vitamins and an 
ash of high alkalinity, while containing 
neither starch nor gluten. In amounts 
of 20 per cent, of the mix, whole soya 
flour is an ideal supplement to wheat 
for bread and macaroni products, and 
could be responsible for the shifting of 
wheat products from the class of energy- 


producing foods to a level of full-value 
foods. Soya flour is the miller’s best 
friend and may help wheat to recover 
some of the 20 per cent, decrease in 
wheat consumption which took place in 
our country during the twentieth cen¬ 
tury as a result of the substitution of 
machinery for manual labor as well as 
the advent of the automobile. 

It seems evident that to-day the soy¬ 
bean is one of the most promising agri¬ 
cultural plants for an almost unlimited 
variety of industrial uses, most of them 
non-competing with existing domestic 
products, and as such offers the broadest 
outlook for making farming a paying 
proposition. The cultivation of soy¬ 
beans as a cash crop has every chance 
to expand far beyond the existing com¬ 
mercial level, which will no doubt create 
numerous new industries and by this do 
its share in relieving unemployment. 
The soybean thus seems to point towards 
a practical and constructive way for 
many a crop which, through the lasting 
efforts of all concerned, may lead to the 
ultimate well-being of the farmer, the 
workman and the business man alike. 



THE EFFECT OF CRUDE OIL POLLUTION ON 
OYSTERS IN LOUISIANA WATERS 

By Dr*. PAUL S. GALTSOFF, HERBERT F. PRYTHERCH, 

ROBERT O. SMITH and VERA KOEHRING 

17. 8. BUREAU 0* FISHERIES 


The mortality of oysters in Louisiana 
waters in 1932-33, coincident with the 
development of oil wells in the coastal 
areas of the state, brought up again a 
question as to the possible effect of oil on 
oysters and marine life. The writers set 
out to investigate exactly what bearing 
oil well pollution might have on oysters; 
to this end funds were allotted in 1934 
by the Civil Works Administration, 
which sufficed to carry out a hydro- 
graphic survey of the conditions in 
Terrebonne and Timbalier Bays, La., 
and laboratory experiments at Beaufort, 
N. C., Woods Hole, Mass., and Washing¬ 
ton, D. C. As a result of this work much 
has been learned about the possible effect 
of oil pollution on oysters and the con¬ 
ditions in the Louisiana oyster beds. The 
report comprising the results of the in¬ 
vestigations has been completed and will 
be published by the Bureau of Fisheries 
in a short time. 

The questions confronting the investi¬ 
gators were two—whether the unusual 
mortality which occurred in Louisiana in 
1932-33 was attributable to the dis¬ 
charge of oil and bleed water, and how 
further development of the oil resources 
of the coastal section would affect the 
cultivation of oysters. 

An important difficulty in answering 
such questions is that the marine biolo¬ 
gist is called in to investigate the cause 
or causes of mortality several weeks or 
months after death has occurred and 
when the conditions responsible may 
have been changed or removed. The 
present report fails to give a definite an¬ 
swer to the cause of the heavy mortality 
of 1932-33 in Louisiana, but does throw 


some light on an even more important 
matter, namely, the possible dangers of 
oil pollution to oysters. Because of the 
limitation of funds, the authors concen¬ 
trated their attention on experimental 
studies of the effects of oil on the be¬ 
havior of oysters and the growth of dia¬ 
toms which constitute the principal part 
of the oyster diet. 

Preliminary investigations, carried 
out by Prytherch in 1933, failed to re¬ 
veal the existence of a direct correlation 
between the intensity of mortality and 
the distance between the affected oil bot¬ 
toms and oil wells. A number of oysters, 
barnacles and green algae were found 
growing on the piling of oil wells, and no 
unusual mortality was observed among 
other organisms. The presence of small 
numbers of oysters on piling of oil wells 
was also observed in 1934 by Galtsoff 
and Smith. Examination of oysters and 
plankton showed that apparently there 
was no interference with the develop¬ 
ment of gonads, spawning and setting of 
the larvae. The diseased condition of 
oysters was evidenced, however, by the 
loss of muscular tonus and the failure of 
the adductor muscle to maintain closure 
of the shell. It is known that if such a 
condition continues for a long time it re¬ 
sults in a stunted growth and abnormal 
shape of the shell. No unusual changes 
in the salinity of water and other hydro- 
graphic conditions, which might account 
for a great mortality, were disclosed by 
these observations. 

The oyster enemies, the borer, the bor¬ 
ing clam and the boring sponge, are 
rather abundant in Louisiana waters. 
Many dead oysters examined in 1938 



CRUDE OIL POLLUTION AND OYSTERS 


71 


showed heavy perforations caused by the 
boring clam and sponge, but, on the 
other hand, in one place which was ex¬ 
amined, 95 per cent, of dead shells were 
not infested by these pests. Oyster 
growers have not noticed an unusual in¬ 
crease in abundance of oyster enemies, 
and no evidence has been obtained which 
would indicate that such an outburst oc¬ 
curred at the time of the mortality in the 
winter of 1932-33. It is significant that 
in 1933 the mortality affected chiefly the 
larger and older oysters of marketable 
size and in several instances was espe¬ 
cially severe among the recently trans¬ 
planted oysters. Undoubtedly, the prac¬ 
tice of overcrowding the beds by plant¬ 
ing from 700 to 900 barrels of oysters 
per acre may be one of the contributing 
factors which aggravates the situation 
and, in case of adverse environmental 
conditions or the poor condition of the 
oysters, may materially increase their 
mortality. 

A more detailed survey of the oyster 
bottoms, made by R. 0. Smith in 1934, 
failed to assign the mortality to any 
known disturbance of the natural condi¬ 
tions on oyster beds, as, for instance, 
temperature, salinity, current and inva¬ 
sion of enemies. It has been noticed 
that, in general, mortality has been 
higher on soft, muddy bottoms than on 
hard ground. At the time this survey 
was carried on, pollution was noticeable 
at the mouth of Bayou Grey, where the 
surface of the water was covered with oil 
for a distance qf three miles below the 
wells and there was some mortality on 
the oyster beds of this section. All 
shells were covered with a brownish 
black coating of tarry consistency and 
the meats were unpalatable because of 
the Btrong oily flavor. Considerable 
quantities of oil were held by mud, and 
oily patches appeared on the surface 
when the bottom was stirred. Light 
films of oil were observed also in the 
vicinity of the Lake Barre wells. In 


1934 oysters on many beds throughout 
the region did not become fat until Feb¬ 
ruary or March, which points to a pos¬ 
sible scarcity of food or to a disturbance 
in the functioning of the organs of 
feeding. 

The shallowness of the water through¬ 
out the oyster-producing region in 
Louisiana must be regarded as a factor 
which tends to magnify the action of any 
polluting substance. Due to stirring by 
wind the water carries much suspended 
matter which may absorb the pollutant, 
transport it over wide areas and deposit 
it on the bottoms far from the source of 
pollution. Observations in the polluted 
areas show that on account of the absorp¬ 
tion by suspended clay particles, oil 
quickly disappears from the surface and, 
after being deposited on the bottom, re¬ 
mains there for a long time. 

No information was obtained by the 
two surveys upon which to base an opin¬ 
ion as to the direct cause of mortality, 
but ample experimental evidence has 
been accumulated to show that the pres¬ 
ence of crude oil in water produces con¬ 
ditions inimical to oysters. 

The first series of experiments, de¬ 
signed to determine whether oysters 
could be killed by the presence of oil in 
the water or by direct contact with oil, 
gave negative results. Unfortunately, 
because of the circumstances over which 
the investigators had no control, these 
experiments were carried out not in 
Louisiana, but in a different environment 
at Beaufort, and uncultivated oysters 
taken from local oyBter reefs were used. 
Samples of crude oil collected by the 
State Conservation Department from 
Louisiana oil wells were shipped to Beau¬ 
fort and used throughout the experi¬ 
ments. It is quite possible that the re¬ 
sults might have been different had Loui¬ 
siana oysters been used. In a series of 
experiments, lasting from two to three 
months, the mortality of oysters kept in 
running sea water under a surface layer 
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of oil and those kept in sea water that 
passed through oil was no greater than 
that m the controls. 

In another set of laboratory experi¬ 
ments no higher mortality than that in 
controls was observed among the oysters 
which, over a period of 6 to 8 weeks, 
were immersed at regular intervals in oil. 
In some of the experiments the mortality 
among the controls was as high as 50 per 
cent, indicating unfavorable laboratory 
conditions under which the animals were 
kept. It is possible that these conditions 
beclouded the effect of oil on oysters. 

The fact that oysters survived the 
treatment with oil does not indicate that 
they were not affected by it. Analyses 
made by Galtsoff show a slight decrease 
in glycogen content of oysters kept in 
the laboratory in the oil-polluted water. 
The result may be due either to the dis¬ 
turbance in the functioning of the feed¬ 
ing apparatus of the organism or to the 
decreased supply of food. 

A regular operation of the muscular 
mechanism involved in closing and open¬ 
ing of the shell is prerequisite to the nor¬ 
mal feeding of the oyster. Two sets of 
experiments carried out by Prytherch in 
1933 and Galtsoff and Smith in 1934, 
gave identical results, showing that the 
presence of oil has no effect on the mech¬ 
anism of the adductor muscle. 

In the first set of experiments, con¬ 
tinuous kymograph records were ob¬ 
tained of five oysters, which were kept 
under observation for three months. 
The average number of hours per day 
the oysters were open was 11.2 for the 
controls and varied between 10.0 and 
13.6 for the experimental oysters. In 
the second set of experiments, six con¬ 
trol oysters, kept under observation from 
four to fourteen days, were open on the 
average of 10.5 hours daily, whereas the 
average figure for ten experimental oys¬ 
ters, kept under observation from four 
to eight days, was 9.6 hours. In both 
cases the difference is insignificant. 


Although the presence of oil in the sea 
water does not reduce the number of 
hours the oyster keeps its shell open, and 
therefore the duration of feeding of the 
mollusk is not decreased, the rate of 
feeding is early affected by the presence 
of polluting substance. As the feeding 
of the oyster is primarily dependent 
upon the amount of water passed 
through the gills, the rate of pumping of 
water can be used as a measure of the 
rate of feeding. The results of the ex¬ 
periments show that crude oil contains 
substances soluble in the sea water which 
produce anesthetic effects on the ciliated 
epithelium of the gills. The inhibiting 
action is not due to the mineral salts 
that may be leached out in preparing 
the water-soluble fraction of the sample 
of oil by shaking it with sea water. It is 
apparent that certain organic com¬ 
pounds of oil are slightly soluble in sea 
water. This conclusion can be drawn 
from the observations that after twenty- 
eight washings with water, the sample of 
oil did not lose its toxic property and 
yielded an extract, the anesthetic po¬ 
tency of which was equal to those ob¬ 
tained with the first washings. The 
inhibiting effect of the water-soluble 
fraction is proportional to its concentra¬ 
tion. From a large number of experi¬ 
ments the inference can be drawn that a 
concentration between 20 and 30 per 
cent, of the soluble fraction will, on the 
average, reduce the rate of feeding of 
the oyster to one half of its normal value. 

Under the conditions of the experi¬ 
ments, the recovery of the ciliary motion 
following the removal of the oil extract 
was almost complete. Inasmuch as the 
experimental oysters were kept in the 
extract only for a limited period of time, 
the result of the prolonged exposure re¬ 
mains to be determined. There was no 
indication in the present experiments of 
an increased tolerance in oysters due to 
repeated treatment. 

There was a large variation in the per- 
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centage of depression caused by a given 
concentration of the soluble fraction on 
individual oysters. Two explanations 
suggest themselves. First, there is a pos¬ 
sibility that in spite of the precautions 
taken in preparing the soluble fraction, 
the toxicities of individual samples were 
different. Second, the oysters used in 
the experiments may have different sen¬ 
sitivity and tolerance. The second ex¬ 
planation seems to be more plausible, for 
the wild oysters used in the experiments 
at Beaufort, coming from exposed flats, 
greatly varied in appearance, glycogen 
content and other characteristics. 

From a large number of experiments 
with the water-soluble fraction the in¬ 
ference seems to be inevitable that crude 
oil discharged in the sea, regardless of 
whether it floats on the surface or, hav¬ 
ing been absorbed by mud particles and 
deposited on the bottom, continuously 
yields water-soluble substances which 
narcotize the ciliated epithelium of the 
gills, reducing the rate of pumping of 
water and therefore materially decreas¬ 
ing the amount of food obtained by the 
organism. This should lead to gradual 
starvation and weakening of the or¬ 
ganism. The chemical nature of the sub¬ 
stances and their concentration in the 
oil-polluted areas remains to be deter¬ 
mined by future investigations. 

The effect of brine or so-called ** bleed 
water,” which accompanies oil dis¬ 
charged by the wells and is usually 
dumped into the sea, has been studied by 
using the same technique as was em¬ 
ployed in the experiments with oil. It 
has been found that bleed waters of Lake 
Barre and Lake Pelto do not affect the 
muscular mechanism of the oyster in 
relatively high concentrations, provided 
the quantity present does not increase 
the salinity beyond the limits of toler¬ 
ance. A 10 per cent, concentration of 
bleed water may exert a stimulating ef¬ 
fect on the ciliated epithelium, at least in 
some of the individuals. The depressing 


effect occurs at the concentration of 20 
per cent, and higher. A 33 per cent, 
solution reduces the rate of pumping of 
water by the gills to 32.6 per cent, of its 
normal rate. The percentages of brine 
which cause this or greater depression 
are beyond any possibility of occurrence 
in nature. 

Experiments were set up to throw 
light on the possible effect of oil and 
bleed water on the production of the 
food of the oyster. It has been assumed 
that the results of the laboratory experi¬ 
ments with the diatom, Nitzschia, which 
occurs in the normal habitat of the 
oyster, and constitutes an important ele¬ 
ment in its diet are applicable to other 
species of diatoms. It has been found 
that the presence of a heavy layer of oil 
on the surface of culture flasks inhibits 
the growth of Nitzschia when oil remains 
on the surface for a week or longer. The 
soluble fraction of oil exerts a retarding 
effect on the growth of Nitzschia in con¬ 
centrations of 25 per cent, and higher 
and when the extract is permitted to act 
over a considerable period of time. Low 
concentrations may have a slight stimu¬ 
lating effect. In many instances the ad¬ 
dition of the oil extract stimulated the 
growth of bacteria, small numbers of 
which were always present in cultures, 
and caused the death of diatoms. 

Water-soluble substances, obtained by 
dialysis through a collodion membrane, 
also exerted a retarding effect on 
Nitzschia, both in natural sea water and 
in Miquel solution. 

Bleed water retards the growth of 
Nitzschia, the inhibiting effect being pro¬ 
nounced in concentrations of 10 per 
cent, and higher. The retardation of 
growth is directly proportional to the 
concentration. 

The experimental evidence presented 
in the report shows that the discharge of 
oil into the sea produces profound 
changes in the normal environment of 
the oyster. The substances which gradu¬ 
ally dissolve from oil in the sea water ir- 



74 


THE SCIENTIFIC MONTHLY 


ritate the delicate ciliated mechanism. 
In a very dilute solution they may act as 
stimulants, but in higher concentrations 
they inhibit the activities of the ciliated 
epithelium and may bring about com¬ 
plete stoppage of the current of water 
through the gills. The same substances 
which reduce the rate of feeding of the 
organism affect its food supply by re¬ 
tarding the rate of propagation of dia¬ 
toms. Obviously the presence of oil 
creates adverse conditions. 


In the light of the present investiga¬ 
tion, it is easy to conceive that, when the 
constitution of the organism is weakened 
by unfavorable meteorological condi¬ 
tions, natural changes in the environ¬ 
ment or attacks of enemies, the pollution 
of water with oil may become a deciding 
factor which may cause irreparable in¬ 
jury, resulting in death. It is obvious 
that from the point of view of conserva¬ 
tion, the natural resources of the sea 
must be protected from this danger. 


PROTECTING CHILDREN FROM DEPRESSION 

DISTURBANCES 

By Dr. I. NEWTON KUGELMASS 

ATTENDING PEDIATRICIAN, BROAD STREET HOSPITAL, PRENCH HOSPITAL, HECK80HER INSTITUTE, 
NEW YORK CITY CHILDREN’S HOSPITAL, NEW YORK CITY 


Six million children are already 
scarred in the economic struggle. The 
newborns are feeble; the infants are still 
strong; the children are stunted; the 
adolescents more sophisticated. An ap¬ 
praisement of under-privileged children 
reveals retrograde growth and develop¬ 
ment, resourceless emotional and social 
precocity, unadjusted personalities. The 
greater the toll of unhappy children the 
greater the incongruity of the coming 
generation. America’s young men and 
women of to-morrow will thus become as 
ravid as those of Europe to-day—rest¬ 
less, rebellious, revolutionary. Physical 
deprivation at one age leads to mental 
distortion at another; the one is irrep¬ 
arable, the other insolvent. 

What are the beginnings of child de¬ 
cadence in this country have reached 
extreme proportions in Europe. There 
it started slowly but cumulatively at the 
onset of the war when children were pro¬ 
vided with inadequate food, little medi¬ 
cal care and less security. But the actual 
deprivation that children suffered was no 
more deleterious than the indirect effects 
of world war activities. For example, 


the wild exportation of dairy products 
from Denmark deprived children of vita¬ 
min A, blinding hundreds with the dis¬ 
ease xerophthalmia. The dearth of milk 
in Belgium and Germany deformed thou¬ 
sands with severe rickets. Lack of wheat 
gave them beriberi; the stinting of meat 
anemia. And the food rations for chil¬ 
dren in Central Europe produced such 
degrees of undernutrition that led to 
wide-spread childhood tuberculosis. 

The by-products of these ailments were 
destructive of the personalities of Eu¬ 
rope’s children. It took long for the 
effects of these hardships to be recorded 
in their physical and mental conditions. 
The deformities diminished physical 
efficiency, curbed maturation, weakened 
personalities. Infections permeated the 
vital tissues, distorted their functions, 
sapped their stamina. Insecurity stifled 
emotions, strained nerves and unbal¬ 
anced minds. The Europe of to-day thus 
reflects deprivation with cumulative 
mental and physical ill-being. What has 
happened in lands of economic difficulty 
is not inevitable in this country. The 
modus operandi of human beings is alike 
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throughout the world, although the 
course may appear different. Because 
America is in its material ascendancy the 
effects of the depression are less blatant. 

The birth rate has shown its character¬ 
istic increase during troublesome years. 
Births are prolific among the poor and 
even more so among the “depression 
poor.” Certainly an increase in the size 
of a destitute family is no stimulus for 
the head of the household to become a 
more competent provider. A generation 
ago large families dwindled to a meager 
few grown-ups after disease and pesti¬ 
lence destroyed much of their progeny. 
Such does not maintain to-day, for the 
chances of survival are all with the 
young, provided they are properly main¬ 
tained and medically supervised. The 
burden of the underprivileged large fam¬ 
ily becomes that of the state and nation. 
Apparently that stratum of society 
which can well afford to maintain large 
families controls conception. Even 
churches of many denominations advo¬ 
cate certain methods for regulating the 
size of families and present the informa¬ 
tion to those in quest thereof. But the 
parents who are most in need of this 
knowledge rarely seek it. A worthy ser¬ 
vice on the part of governmental agencies 
would be to inform members of large 
underprivileged families ways of main¬ 
taining them without undue propaga¬ 
tion. 

The newborns of the “depression 
poor” are more feeble than their former 
progeny. The weights are less, although 
the lengths tend to be the same. The 
babies are lesB vigorous, although physi- 
cally they appear well built. They de¬ 
velop more disturbances incident to the 
initial adjustment. The reaction of new- 
borns to the conditions of their new envi¬ 
ronment is an index of the vitality ac¬ 
quired in utero. Those too feeble to cope 
with the situation after birth succumb 
promptly because they have probably 
been exhaustion products. There is a 


popular misconception that these neo¬ 
natal deaths are due to developmental 
anomalies. As a matter of fact only 2 
per cent, of newborns lost at birth are the 
result of congenital malformations. Two 
thirds of the deaths are the result of dis¬ 
turbances associated with the nature of 
the delivery and the other third are the 
consequence of infections acquired be¬ 
fore, during or after delivery. Obstetri¬ 
cal technique is being perfected in spite 
of depression, but even superior medical 
care of newborns can not save lives of 
enfeebled stock. The only means of 
diminishing the loss of the newborn 
population is to provide for their super¬ 
vision prenatally. Mere provision of 
emergency care during the preconfine¬ 
ment period is a hazard to both mother 
and offspring. The character of the de¬ 
livery is determined by the supervised 
course of the entire period of pregnancy. 
Therein lies the key to most of the pre¬ 
ventable maternal difficulties and deaths. 
The greatest disturbances befall the child 
long before it is born. Many of these are 
preventable by proper medical care of 
the expectant mother from the first weeks 
of pregnancy. The provision of more 
health stations, obstetrical clinics and 
maternity centers to coordinate their 
supervision with the economic status of 
the family will improve and protect the 
progeny. 

Infants have suffered least from the 
effects of the depression. Feeding has 
become so simple and the care so stand¬ 
ard that babies thrived in spite of ad¬ 
verse home conditions. Nevertheless, a 
comparison of infants from various sec¬ 
tors of society shows less favorable body 
build for the underprivileged than for 
the well-to-do. Indeed, the difference in 
the vitality between these two groups is 
sufficiently great to take heed. It sug¬ 
gests that the factors responsible for the 
superior rearing of infants are worthy 
not only of maintenance but of enhance¬ 
ment. Governmental agencies should 
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therefore provide more health stations, 
well baby clinics, health centers in the 
districts that have suffered most from 
economic stress. There are apparently 
enough agencies qualified in infant wel¬ 
fare, enough public health nurses at 
hand and enough physicians without per¬ 
sonal practice to serve in this cause ; All 
are available and yet have not been mar¬ 
shalled for the infant population. The 
cost of such centers is less of an item than 
the political resistance to community 
health organizations. The greatest con¬ 
flict is between private practice and so- 
called socialized medicine. Provision of 
infant welfare stations is an extension of 
a service well under way and does not 
conflict materially with desirable private 
practice of physicians. 

School children have suffered tangibly 
from the depression. Growth and devel¬ 
opment have been definitely diminished 
compared with their previous tempo of 
progress. Contrasting are the physical 
demarcations in the children of the well- 
to-do, the “new poor” and the chronic 
poor families. The children of the first 
group are accelerated two to three years, 
while those of the other two groups are 
manifestly retarded. The children of 
those families who were hardest hit by 
the depression suffered most physically. 
The young apparently reflect in ill health 
any sudden change in lowering their 
standards of living. 

The first manifestations of deprivation 
constitute malnutrition. It represents 
varied symptoms and physical signs 
peculiar to each child. Many are the 
possible disturbances consequent upon 
malnutrition, for at least forty nutrients 
are necessary for daily maintenance and 
growth. If any one of these are inade¬ 
quate or deficient, nutritional deficiencies 
develop progressively. The deprivation 
becomes cumulative and the children 
really suffer from an aggregate of several 
deficiency diseases. Not only is growth 
affected but the physical efficiency of all 
tissues impaired. Most malnourished 


children are maintained on essentially 
carbohydrate feedings of limited food 
value. Their energy requirement is 
usually fulfilled by an abundance of rice, 
macaroni and beans with consequent pro¬ 
tein, mineral and vitamin starvation. 
The undernourished young bodies are 
media par excellence for the dissemina¬ 
tion of infection. And unhygienic over¬ 
crowded quarters, housing families that 
are doubling up in homes, become veri¬ 
table incubators of infections and cross¬ 
infection. They gradually devitalize 
malnourished children, retard their 
development and blight their youth. 

Contrary to current notion growth 
does not cease during semi-starvation. 
Certain tissues appear able to appropri¬ 
ate nutrients and grow at the expense of 
other organs of the body. There is such 
a harmonious equilibrium between tis¬ 
sues that none wanes without the others 
responding to their cause. Most of the 
required nutrients of the body are dis¬ 
tributed in depots ready for release on 
tissue demand. The body begins to live 
from its inner self rather than from the 
external environment. These self-con¬ 
suming mechanisms have their limita¬ 
tions. The usual change in body build 
during periods of undernutrition is ab¬ 
normal elongation. Persistent skeletal 
growth results in emaciation caused by 
atrophy of the softer tissues. In some 
children there is also an enlargement of 
the head and a disproportion in the 
growth of the extremities, depending 
upon the age and type of malnutrition. 
Distorted growth is more prevalent dur¬ 
ing the cycles of rapid growth—infancy, 
the period of second dentition and pubes¬ 
cence. During the interim periods of 
body broadening there is less dispropor¬ 
tion in body build from malnutrition. 

What is the possibility of recovery 
from prolonged malnutrition? The 
child’s body is a very labile mechanism 
with remarkable powers of recovery, pro¬ 
vided proper nutrition is afforded before 
extreme stages of malnutrition are 
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reached. The younger the child the less 
complete the recovery because of acceler¬ 
ated growth during the first years of 
life. Infants who lose more than 30 per 
cent, of their weight have their tissues so 
inalterably affected in structure and 
function that they usually succumb. 
Older children have greater powers of 
resisting such tissue changes. In the 
Russian famine children recovered from 
extreme emaciation but were markedly 
thwarted in body build and in physical 
functioning. No generalizations are pos¬ 
sible with regard to the amount and 
degree of dwarfing from undernutrition 
because of the many factors involved in 
growth. 

Whatever the cause of malnutrition, it 
is ever an index of extreme maladjust¬ 
ment, physical, nutritional or emotional. 
The lean child does not necessarily exem¬ 
plify undernutrition because average 
body measurements do not indicate nu¬ 
tritional status. The malnourished child 
fails to gain in weight, has flabby muscu¬ 
lature, strained nerves, poor digestion, 
lowered resistance. The condition is alle¬ 
viated by a body-building dietary to 
effect healthy gains in weight. It is not 
sufficient to overload the body with fat¬ 
forming foods. All forty nutrients are 
indispensable for well-being. The diet 
should furnish the largest number of 
tolerated calories in their most digestible 
forms. Diversification of food is not 
necessary, for no disturbances are ever 
caused by monotony of diet. 

Food money for the underprivileged 
should be distributed in fifths—one fifth 
for milk and its products, one fifth for 
vegetables and fruits, one fifth for meat, 
fish and fowl, one fifth for breads, cereals 
and starchy foods and one fifth for the 
foods particularly cherished by the fam¬ 
ily. At least one pint of milk, fresh, 
evaporated or dried, is necessary for a 
child. Bach form of milk provides the 
same content of nutrients. The choice 
should therefore depend on the cost. 
Similarly, the cost of vegetables and 


fruits is no indication <5f their nutrient 
value. The soil is not in league with 
man *s palate. The less expensive prod¬ 
uce furnishes the necessary minerals 
and vitamins, in tomatoes, potatoes, cab¬ 
bage, yellow turnips, bananas, prunes, 
obtained raw, preserved or canned. 
Every housewife knows that the less pre¬ 
ferred cuts of meat are least expensive. 
Some of the viscera are equivalent to 
liver in superior protein and anti-anemic 
factor. Such organs as lung, kidney, 
spleen and tripe are economical because 
of infrequent demand. Whole-grain 
breads and cereals are preferable and 
may be obtained at half cost when bought 
one day old. The nutritional value is the 
same and the digestive greater for chil¬ 
dren. Cod liver oil is a necessity for 
undernourished children. The highly 
advertised brands are biologically tested 
but expensive. Other fish oils are equally 
effective and more economical. 

Relief for the depression poor main¬ 
tains adults at the expense of children. 
Few parents, irrespective of intelligence, 
appreciate the food requirements for 
their children. And emergency feeding 
is given no consideration in the strain of 
family insecurity. No attempts have 
been made by governmental bureaus to 
allocate foods of choice for children. 
Certainly the disbursement of relief 
funds requires nutritional supervision of 
malnourished children. The dead hand 
still guides many an archaic organization 
impervious to progress. They take no 
precautions to safeguard the well-being 
of youth in distress. It may be well for 
the grown-ups gripped by baseless food 
prejudices to continue in their dietary 
abnormalities. Their habits are difficult 
to change. And those who make intelli¬ 
gent efforts to readapt themselves to 
newer knowledge merely rearrange their 
prejudices without actually changing 
their habits. The damage done to chil¬ 
dren under such primitive home sur¬ 
roundings is irreparable. There is an 
administrative and educational challenge 
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to the relief organizations at work to 
spare children from dietary prejudices 
and help build for them sounder 
physiques. Malnourished children re¬ 
quire nutritional supervision at home 
and medical supervision at special clin¬ 
ics. Food deficiency alone is rarely the 
factor productive of extreme malnutri¬ 
tion. Medical care must be provided to 
eliminate focal infections, correct physi¬ 
cal defects and regulate health habits 
apart from perfunctory arrangement of 
adequate dietaries. 

Physical degradation of children has 
been associated with deep-seated disturb¬ 
ances. Intangible and devastating in¬ 
direct effects of the depression are emo¬ 
tional and mental illness. They are the 
devastating consequences of family in¬ 
tegration. The problems of the grown¬ 
ups become the anxieties of the young. 
Family relationships mould the person¬ 
ality traits and life attitudes of children 
only to distort them under economic 
stress. The home atmosphere is tense 
with concern about the family income. 
The children worry about diminished 
comfort, change of residence, loss of 
friends, lack of clothes, insufficient food, 
deprivation of delicacies. These are but 
few of the daytime difficulties that befall 
the child at home. Equally prevalent 
are the night problems. The crowding 
of several members of the family in 
the same room if not the same bed 
instills emotional immaturity, protracted 
dependence, irritability, masturbation. 
Thwarted physically and emotionally, 
the child's attitude towards life beoomes 
distorted. He is rebellious, disagreeable 
and sullen. The nervousness is ex¬ 
pressed in fears, physical complaints and 
anti-social activities. 

The ever-present sense of insecurity 
troubles children of the new poor more 
than those of the chronic poor. The 
sudden change in the economic status of 
the family disequilibrates sensitive per¬ 


sonalities, with consequent functional 
disorders. Mere physical examination 
reveals no organic disease. Physicians 
confronted with no physical basis for 
complaints shrug their shoulders with a 
feeling of despair with regard to alleviat¬ 
ing such intangible disturbances. The 
province is in the realm of the child 
psychiatrist who has determined the re¬ 
lation between the psychogenic factors 
and physical dysfunctioning. The child 
makes an unconscious flight into disease 
from which he derives emotional gain. 
Expressed differently, home problems 
precipitate a body protest in the child. 
The physical disorder serves as an outlet 
for worry, disappointment and other 
difficulties. Few realize that a child 
takes his troubles as seriously as adults 
take theirs. The mental makeup of the 
child also has a psycho-pathology of its 
own. It is unraveled, not in terms of 
the irrelevant symptoms presented but 
rather in terms of the child in his en¬ 
tirety with attention to his constitutional, 
physical, mental, emotional and environ¬ 
mental peculiarities. 

The more serious evidences of malad¬ 
justment are shyness, sensitiveness, lack 
of sociability, suspiciousness, resentful¬ 
ness, fearfulness, cruelty and tendency 
to depression. Parents erroneously con¬ 
sider other types of negative behavior 
such as cheating, lying and stealing as 
more serious. Misbehavior calls for 
prompt interpretation of the child’s dif¬ 
ficulties. It is necessary to seek the motif 
underlying the behavior rather than to 
label it good or bad. The first approach 
in abating personality difficulties is to 
work with the child as much as possible. 
Physical deviations should be corrected 
to set up a level of well-being that is 
more desirable for successful adjustment* 
for behavior constitutes a set of overt 
functions so integrated in the total per¬ 
sonality that smooth working depends 
upon positive health. Then comes the 
correction of faulty attitudes which the 
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child has formed with regard to his 
psychic disturbances in the depressed 
environment. Parents frequently use 
the term nervousness as an explanation 
of behavior difficulties. The term they 
consider harmless sets up strange ideas 
in the child interfering with simple ap¬ 
peal to his powers of reason. Once self- 
confidence is instilled the child will over¬ 
come his difficulty to the extent that he 
gradually becomes adjusted to the exac¬ 
tions of his environment. 

But abnormal behavior is the conse¬ 
quence of strained inter-personal rela¬ 
tionships. As it is ineffective to treat a 
complaint without considering it an in¬ 
tegral part of the entire being, so is it 
impossible to deal with the child de¬ 
tached from his environment. The whole 
family is intimately linked with the 
child’s difficulties. Their over-indul- 
gence, over-ambition or indifference and 
carelessness breed behavior disorders. 
The child’s educators must be educated 
by enlisting their cooperation intelli¬ 
gently, convincingly and concretely. 
Improvement is possible only with a 
modification of the environmental cir¬ 
cumstances that have precipitated the 
strain and simultaneously effect a change 
in the parent’s attitude towards the 
child. Underprivileged parents and 
children bear three kinds of trouble— 
those they had, those they have at present 
and those they expect to have. Even if 
all the material difficulties were adjusted 
to their immediate satisfaction the adults 


would still be brooding and the children 
would be in accord. It is therefore 
equally important in providing relief to 
teach parents to view life’s ups and 
downs with equanimity, to try to main¬ 
tain a calmer outlook on life if they are 
to instill any iota of happiness into their 
children. Unfortunates are never con¬ 
vinced that true happiness comes from 
their own mental attitude rather than 
from an environmental heaven. 

But dealing with the child and his 
family may not yield satisfactory adjust¬ 
ment. Contact may be necessary with 
special communal agencies, schools, psy¬ 
chiatric institutions, child guidance clin¬ 
ics, welfare agencies. But the competent 
staffs of many of these organizations 
have been disbanded at the onset of the 
depression. Relief agencies created pro¬ 
vide mere maintenance, the benefits of 
which are minimal to children. Under¬ 
nutrition persists, behavior problems 
multiply, disease and defectiveness 
spread. This devastation can be halted 
by material provision reinforced by 
supervised educational measures. In¬ 
numerable are the trained health work¬ 
ers who can serve the nation in this 
cause. Certainly practical methods can 
be formulated to help difficult families 
in both mental and physical health. In 
that realm remedies are clear-cut, yet no 
effort is made to apply them. With a 
sick world, faltering business and waver¬ 
ing counsels, protective health measures 
can be conscripted. 
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The astronomer’s instruments are 
many and varied. Most important of all 
is the telescope itself; in addition, there 
are numerous auxiliary instruments and 
attachments, spectrographs in many 
forms and the equipment of the instru¬ 
ment and optical shop and of the mod¬ 
ern physical laboratory. 

Measuring Motions of Distant 
Universes 

At the Mount Wilson Observatory of 
the Carnegie Institution is the 100-inch 
reflecting telescope, the largest in the 
world. The great light-gathering power 
of this instrument has made it possible 
to investigate numerous problems which, 
except for a costly expenditure of time, 
could not have been carried on with 
smaller instruments. One of these prob¬ 
lems is the motion toward us or away 
from us of the distant universes of stars 
which lie outside our own system or 
galaxy and are called the extra-galactic 
nebulae. 

The first velocity of an extra-galactic, 
or spiral nebula, the Great Nebula in 
Andromeda, was measured by V. M. 
Slipher, of the Lowell Observatory at 
Flagstaff, Arizona, in 1912. It was al¬ 
ready known that the spectra of these 
nebulae are similar to the spectrum of 
the sun, but the faintness of the nebulae 
had prevented the measurement of their 
velocities, until Slipher succeeded in re¬ 
ducing the necessary exposure by devis¬ 
ing a very efficient camera for use with 
his spectrograph. 

To obtain a photograph from which a 
velocity can be measured the feeble light 
from the nebula must be separated into 
its component colors by a prism. The 
two strongest lines crossing the spectrum, 
H and K produced by calcium, are 


usually the objects measured. If these 
lines are shifted to the violet from their 
normal position, the nebula is approach¬ 
ing ; if shifted to the red, it is receding. 

By 1925 the velocities of 45 nebulae 
had been measured, 40 of which were 
found to be receding into space with 
velocities ranging from only a few miles 
per second to as high as 1,100 miles per 
second, far higher than those of any 
other known astronomical bodies. 

Determining Distance 

In 1916, de Sitter, on the basis of 
relativity, had predicted that the spiral 
systems outside our own system should 
show receding motions which should be 
the greater, the greater the distance of 
the system. It was not then possible to 
test this predicted relation between dis¬ 
tance and amount of motion because the 
distances of the spiral nebulae were not 
known. 

The discovery of Cepheid variables in 
some of the nebulae by Dr. Edwin Hub¬ 
ble in 1923 removed this difficulty. The 
period during which the light of these 
variables changes tells how bright they 
are—-their candle power; comparison of 
candle power with observed brightness 
gives the distance. Thus the Andromeda 
Nebula and Messier 33 were found to be 
at distances of about 870,000 light yean, 
and hence must be systems similar in con¬ 
tent and size to our own system. 

Confirmation that these distances were 
essentially right was furnished by other 
individual stars that could be recognized 
in the nebulae, such as novae and the 
stars of very high luminosity. Con¬ 
tinued study indicated that the nebulae 
themselves are all of the same general 
order of brightness and that differences 
in the total brightness of individual sys- 
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300-INCH REFLECTING TELESCOPE 

The evidence rat an expanding universe collected bv Dr. Hubble and Hr. Huhason was 
OBTAINED WITH THIS INSTRUMENT. VELOCITIES OP NEBULAE AT DISTANCES UP TO 250 MILLION 
LIGHT TEARS CAN BE MEASURED, WHILE DIRECT FItOTOORAPHB RECORD STILL PAINTER NEBULAE AT 
DISTANCES AS GREAT AS 500 MILLION LIGHT TEARS. 


terns is mainly an effect of distance. It 
tha* gradually became dear that the 
brightness of a nebula is an excellent 
indication of its distance. 


Relation Between Distance and 
Motion 

The way was then opened for investi¬ 
gating the relation between distance and 
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motion, and Hubble was soon able to 
derive for the nebulae then observed a 
linear relationship between velocity and 
distance within a region of space whose 
boundaries were defined by the most dis¬ 
tant nebulae in Slipher’s list. These 
were five nebulae in the Virgo cluster 
which Hubble had placed at a distance 
of about 7 million light years 

The relation indicated that the veloci¬ 
ties of nebulae increase at the rate of 
about 100 miles per second for every mil¬ 
lion light years of distance. The results 
also indicated that the velocity-distance 
relation, once established, could itself be 
used as a criterion of distance for all 
nebulae wiiose velocities were known. 

The application of the new criterion 
to the nebulae in Slipher’s list showed 
that in a general w r ay the linear relation 
accounted fairly well for the observed 
velocities then available. The data were 
few, however, and further progress de¬ 
pended upon the extension of the obser¬ 
vations to fainter and more distant 
nebulae, an investigation started at 
Mount Wilson in 1928, which would have 
been impossible except for the great opti¬ 
cal power of the 100-inch telescope. 

Nebulae occur as isolated objects, in 
groups and occasionally in great clusters, 
comprising 300 or more members, but 
wdien very large regions of space are 
compared, one region is very much like 
another Hubble’s relation between 
velocity and distance could be tested in 
two obvious and straightforward ways. 
First by observing numerous nebulae in 
many different clusters and, second, by 
observing nebulae fainter than those in¬ 
cluded in Slipher’s list, on the assump¬ 
tion that such objects are at greater dis¬ 
tances and therefore should have larger 
velocities. 

Observations of nebulae in clusters 
afforded the more important test. Dis¬ 
tances are rather accurately measured by 
the mean apparent brightness of the 
many members in each cluster, while the 
distances of isolated nebulae are reliable 


only in a statistical sense. In fact, the 
distances of clusters are the only great 
distances that can be assigned with con¬ 
fidence to individual objects in the sky. 
Moreover, the selection of the brightest 
members in clusters insures maximum 
distance for any given apparent bright¬ 
ness 

Definite Results Obtained 

The first definite result was obtained 
in 1928 when members of a cluster in the 
constellation of Pegasus were found to 
be receding at an average rate of 2,400 
miles per second, a value in good agree¬ 
ment with the estimated distance of the 
cluster, 23 million light years, and con¬ 
sistent with Hubble’s conclusion that 
velocity increased with distance at the 
rate of 100 miles per second for every 
million light years of distance Further, 
observations of several very faint iso¬ 
lated nebulae all gave very large veloci¬ 
ties, thus again confirming the velocity- 
distance relation. 

It was then planned to extend the 
range in distance to the observable limit 
of the 100-inch reflector by measuring 
the velocities of the brightest members 
in faint clusters of nebulae, to investi¬ 
gate the differences, if any, in the veloci¬ 
ties of bright and faint nebulae in 
selected clusters, and, finally, to obtain a 
large sample collection of velocities of 
both bright and faint isolated nebulae. 

Increasing Instrumental Power 

The Mount Wilson observations used 
to test the relationship between velocity 
and distance had been obtained with the 
instrumental equipment then available 
at Mount Wilson. Although this equip¬ 
ment was powerful and efficient, it was 
necessary in order to obtain a single 
spectrogram for the measurement of the 
velocity of one of the fainter nebulae to 
extend the exposure over several nights. 
If still fainter nebulae were to be ob¬ 
served, it was clear that some further 
gain in instrumental power would be 
required. 
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This demand was supplied by a special 
abjective for the camera of the spectro¬ 
graph, designed by Dr. W. B. Rayton, 
of the Bausch and Lomb Optical Com¬ 
pany, which led to a reduction of the 
exposure time to about one eighth that 
previously necessary. 

Since 1929 when the Rayton lens was 
constructed the velocities of many faint 
isolated nebulae have been measured and, 
still more important, the observations of 
clusters of nebulae have been extended 
to include extremely remote objects. 
The list of clusters now observed is as 
follows: 
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Recession Velocities 

At present the velocities of 189 extra- 
galactic nebulae are known, of which 
146 have been obtained at Mount Wilson 
since 1928. The observations cover a 
range in distance which is thirty-five 
times that available when Hubble first 
formulated the velocity-distance relation 
and indicate that out to the second Ursa 
Major cluster, at a distance of 240 mil¬ 
lion light years, the increase in velocity 
is still sensibly proportional to the in¬ 
crease in the distance. The recent obser¬ 
vations change the rate of increase in 
velocity but little, from 100 to 110 miles 
per second for every million light years 
of distance. These observations extend 
to, or at least close to, the limit of present 
instrumental equipment and any serious 
revision of the relation must await the 
completion of a larger telescope. 

In a single cluster, the Virgo cluster, 


over 30 velocities are now known. These 
velocities show an average range of 810 
miles per second around a mean of about 
750 miles per second, and in addition 
that the mean velocity of the faint nebu¬ 
lae is approximately the same as that of 
brighter nebulae in the cluster. Of the 
189 velocities now known only 13 are 
velocities of approach, all of nearby 
nebulae for which the random part of 
the motion is larger than the part which 
depends upon the distance of the nebula. 

Practically all the photographs were 
made with the 100-inch reflector. The 
photographic plate used is \ x 1J inches. 
The length of the spectrum is slightly 
over 2/25 of an inch, and the exposure 
times range from 2 to 60 hours. 

Nebulae in the two most distant clus¬ 
ters are too faint to be seen with the 
100-inch reflector and were centered on 
the slit of the spectrograph by setting 
off the distance of the nebula from the 
nearest bright star as measured on a 
direct photograph of the field. Both of 
the objects measured in these two clusters 
are about 30,000 time fainter than the 
faintest stars seen with the naked eye. 

Interpretation Still Controversial 

Finally, it should be noted that the 
observational fact of the investigation is 
a close relationship between the bright¬ 
ness of a nebula and a shift of its spectral 
lines toward the red. Differences in 
brightness, in general, may confidently 
be interpreted as indicating differences 
in distances for the different nebulae, but 
the interpretation of the red-shifts as 
velocities of recession is still controver¬ 
sial. 

On the other hand, if the interpreta¬ 
tion of velocity-shifts as a motion of re¬ 
cession is abandoned, we find in the 
red-shifts a hitherto unrecognised phe¬ 
nomenon whose implications are un¬ 
known. The expanding universe of gen¬ 
eral relativity would still persist in 
theory, but the expansion would not then 
be indicated by the observations. 
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THE PROGRESS OF SCIENCE 

THE ROCHESTER MEETING OF THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


For the second time in its history, 
Rochester, New York, welcomed the 
American Association for the Advance¬ 
ment of Science for a summer meeting. 
The first was held in the summer of 1892 
and was the forty-first meeting of the 
association. The meeting just past was 
the ninety-eighth and was held in Roches¬ 
ter, from June 16 through June 18, fol¬ 
lowing which the delegates journeyed to 
Ithaca to participate in the semi-centen¬ 
nial anniversary of Sigma Xi, held at 
Cornell University on June 19 and 20. 

The city of Rochester, with a popula¬ 
tion of about 400,000, is located at the 
falls of the Genesee River, extending 
along its banks for about ten miles to its 
mouth on Lake Ontario. It is in many 
ways an ideal location for a summer 
meeting because of its normally mild 
summer climate and its location within 
easy reach of the Lake Ontario beaches, 
the famous Finger Lake region and other 
points of scenic interest, such as Niagara 
Falls and the Letchworth State Park. 

Industrially the city of Rochester is of 
unique interest to scientists, being the 
home of the Eastman Kodak Company, 
the Rausch and Lomb Optical Company, 
Taylor Instrument Companies, the Ward 
Natural Science Museum, the Strombcrg- 


Carlson Radio Company and other sci¬ 
entific centers. Excursions were ar¬ 
ranged to the factories and research 
laboratories of most of these companies. 

The University of Rochester, which was 
host to these meetings, is a non-denomina- 
tional, privately endowed institution or¬ 
ganized in 1850. As a result of generous 
gifts to the late George Eastman and of 
an extensive endowment campaign in 
1920 the university has undertaken a con¬ 
siderable expansion of its activities since 
that time. It now consists of the College 
of Arts and Science, the Eastman School 
of Music and the School of Medicine and 
Dentistry. 

The section meetings were held at the 
new River Campus of the College for Men 
and at the School of Medicine on adjoin¬ 
ing grounds. The River Campus, which 
was first occupied in 1930, is located on 
a beautiful site overlooking the Genesee 
River and includes an exceptionally fine 
group of modern college buildings. Most 
of the science research laboratories are 
located on this campus. 

The School of Medicine occupies a new 
group of buildings located within five 
minutes’ walk of the River Campus. 
These buildings were erected m 1924 at 
the time the Medical School was organ- 
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EASTMAN QUADRANGLE OF THE RIVER CAMPUS 


ized and contains some of the most 
modernJy equipped medical research lab¬ 
oratories in the country The Strong 
Memorial Hospital of the University of 
Rochester and the Rochester Municipal 
Hospital are included in this group 

The three evening meetings were held 
in the beautiful Eastman Theater. On 
Tuesday evening, June 16, Dr. C. E. K. 
Mees, director of research of the East¬ 
man Kodak Company, spoke on 4 'Color 
Photography.” TheMaiben lecture, held 
the following evening, was given by Dr 
Charles Camsell, Deputy Minister of 
Mines of Canada His subject was li A 
4000-mile Plight over Northwestern 
Canada.” This was followed by a recep¬ 
tion given by President Alan Valentine 
and the trustees of the University of 
Rochester in the promenade of the East¬ 
man School of Music Dr. Carl Snyder, 
of the Federal Reserve Bank of New 
York, spoke on Thursday evening on 
“The Role of Capitalism in Civiliza¬ 
tion.” 

A symposium on “Flood Control” was 
one of the features of the meetings. The 
speakers were Dr. F. A. Silcox, chief of 
the National Forest Service, Dr. W. C. 
Lowdermilk, associate chief of the TJ. S. 
Soil Conservation Service, and Dr. Morris 


L Cooke, administrator of the Rural 
Electrification Administration. 

A symposium on “Social Security” 
attracted a good deal of attention. An¬ 
other interesting event was the balloon 
ascension on Wednesday afternoon, June 
17. Two high altitude radio-equipped 
balloons were released in order to con¬ 
tinue lines of study inaugurated in the 
recent stratosphere flight and to record 
weather conditions. 

On Thursday noon, June 18, at a com¬ 
plimentary luncheon at the Oak Hill 
Country Club to all delegates, the Bausch 
and Lomb Optical Company presented 
its 250,000th microscope, the culmina¬ 
tion of sixty years of endeavor, to Dr. 
F. G. Novy, professor of bacteriology 
of the University of Michigan, in view 
of the fundamental significance of the 
researches he has made. 

Thirty technical sessions were held, at 
which 200 papers were presented. These 
included special symposia on such sub¬ 
jects as weather forecasting, geophysics, 
biophysics, geology of New York State, 
dental caries, aerial photogrammetry and 
recent advances in medicine and bac¬ 
teriology, 

J. Edward Hoffmeister, 
Chairman, Local Committee 
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MEDALLISTS OF THE NATIONAL ACADEMY OF SCIENCES 

The practice of awarding medals is an Medal for Oceanography, awarded to Dr. 


old one. A medal is given to an indi¬ 
vidual either in recognition of distin¬ 
guished service or in commemoration of 
an important event. Medals were first 
bestowed as rewards for military services 
rendered to King and country, the 
“Armada” medals of Queen Elizabeth 
being among the earliest of this type. 
During the next century medals con¬ 
tinued to be awarded almost exclusively 
to men of the military forces; but gradu¬ 
ally the importance of services, other 
than military, to the state were realized 
and medals were bestowed on civilians. 
The Royal Society awarded its first 
medal, the Copley, in 1731 to Stephen 
Gray; in 1753 this medal was awarded 
to Benjamin Franklin The National 
Academy of Sciences awarded its first 
medal, the Henry Draper, in 1885 to S P 
Langley in recognition of his researches 
“in solar physics and especially in the 
domain of radiant energy ” This medal 
had been made possible through a fund 
of six thousand dollars presented to the 
academy in 1883 by Mrs Mary Anna 
Palmer Draper for the purpose of estab¬ 
lishing a gold medal to be awarded to 
“any person in the United States of 
America or elsewhere who shall make an 
original investigation in astronomical 
physics, the results of which shall be 
made known to the public.” 

At the present time the National 
Academy of Sciences administers ten 
funds, the income from which is intended 
for use in connection with the award of 
medals in specified fields of science. Sev¬ 
eral of these funds provide honoraria in 
addition to the medals. Thus far the 
academy has awarded 102 medals in 
honor of scientists whose research work 
has contributed notably to advance of 
knowledge. 

At the seventy-third meeting of the 
National Academy of Sciences, held this 
year from April 27 to 29 in Washington, 
two medals were presented: The Agassiz 


T. Wayland Vaughan, director of the 
Scripps Institution of Oceanography of 
the University of California, La Jolla, 
California, “in recognition of his investi¬ 
gations of corals, foraminifera and sub¬ 
marine deposits and for his leadership in 
developing oceanographic activities on 
the Pacific Coast of America”; the Pub¬ 
lic Welfare Medal of the Marcellus Hart¬ 
ley Fund, “awarded to Dr. F F Russell, 
formerly director of the International 
Health Division of the Rockefeller Foun¬ 
dation and at present lecturer in preven¬ 
tive medicine and hygiene and epidemi¬ 
ology at Harvard University, Cambridge, 
Masachusetts, in recognition of his work 
on the etiology of yellow fever and 
studies of epidemic areas.” 

Dr. Henry B. Bigelow, member of the 
Murray Trust Fund committee which 
recommended the award of the Agassiz 
Medal for Oceanography to Dr. Vaughan, 
referred in his presentation speech to the 
fact that “the oceanographer is con¬ 
stantly reminded that understanding of 
the margins of the oceans and of the parts 
of the earth’s crust on which the latter 
rest is as integral a part of his science 
as is examination of the waters them¬ 
selves, for these geologic features deter¬ 
mine the extent, depths and circulatory 
systems of the oceans with all that this 
implies. Conversely, we can not hope to 
understand the geology of continents or 
of islands until we understand the struc¬ 
ture and history of continental shelves, 
of ocean floors or of the corrugations of 
the latter. It is, therefore, eminently 
fitting that the academy should honor one 
who, commencing his career as a geolo¬ 
gist, soon turned to the geologic history 
of shore lines and of the sediments of the 
seas—especially when we remember that 
the donor of the medal, Sir John Murray, 
was himself the most eminent student of 
oceanic deposits. We see Vaughan’s 
genius and the part he has played in the 
progressive unfolding of submarine geol- 
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1)H. T. WAYLAMD VAUGHAN 


ogy in bis studies of the corals and coral 
reefs of past ages, of the history of the 
islands of the West Indies and of the 
Floridian almost-island; of the organic 
skeletons that accumulated on the sea 
floor m past geologic ages, as exemplified 
especially by the fossil Foraminifera; 
leading, in order of evolution, to his ex¬ 
amination of modern sediments, Atlantic 
and Pacific. ” Dr. Bigelow emphasized 
further the part played by Dr. Vaughan 


in building up the Scripps Institution 
and to its achievements during his direc¬ 
torship in adding to “ knowledge of Paci¬ 
fic circulation in general, of California 
up-welling waters and their effects on 
organic fertility, of ocean dynamics, of 
the interrelation between sea tempera¬ 
tures and meteorologic phenomena.'’ 

In his presentation speech, Dr. Max 
Mason, member of the Marcellus Hartley 
Fund committee which recommended the 
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DK. F, F. RUSSELL 


award of the Public Welfare Medal to 
Dr. Russell, remarked, by way of intro¬ 
duction, that “the curiosities which 
stimulate the development of the sciences 
are sometimes derived from abstract con¬ 
templation of the known facts and their 
cataloging concepts. These curiosities 
arise with compelling insistence, however, 
when a scientifically conceived attack on 
an important practical problem reveals 
the inadequacies of existing knowledge. 
The achievements of Frederick Fuller 


Russell are important examples of the 
successful application of science to 
human welfare and illustrate the advance 
of science through interplay of theory 
and practice/’ From 1920 to 1936 Dr. 
Russell was director of the International 
Health Division of the Rockefeller Foun¬ 
dation. 

In the words of Dr. Mason, “Russell 
brought to the Foundation high abilities 
for administration as well as unusual ap¬ 
titude and training in scientific medicine. 
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THE PATH OF THE JUNE ECLIPSE 

THE HOURS OF BEGINNING AND ENDING ARE EXPRESSED IN GREENWICH UML TIME 
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Under his direction the International 
Health Division continued its sympa¬ 
thetic and understanding cooperation 
with governments in building up public 
health organizations and in training pub¬ 
lic health personnel, and intensified the 
efforts of its own staff in disease control. 
To Russell disease control meant the 
study of disease in its own environment, 
by men of thorough scientific competence 
This field work was backed by basic 
laboratory work at home and constant 
interplay between field and laboratory 
ensured the rapid application in the field 
of new laboratory findings, while the 
studies and experiences in the field stimu¬ 
lated new research at home Only by 
insistence upon this unity of effort could 
such remarkable progress have been 
gained in the etiology and control of 
malaria and yellow fever as was accom¬ 
plished by the staff during Russell’s 


leadership. . . . Such is the nature of 
the work of Russell, the scientist and the 
administrator. Those of us who have 
counted him as a colleague and love him 
as a friend alone know the full measure 
of the man.” 

In his response, Dr. Russell commented 
on the cooperative aspects of the public 
health work and on the nature of the 
problems which were attacked under his 
direction. To quote his words. ‘ 4 1 realize 
as you all do, that the medal is given me 
because 1 was the director of a group of 
workers, and that the honor is for the 
group and that on this occasion I merely 
represent it. ” His address ended in 
the same key. “Again Mr President, 
1 thank you for the honor and for 
this opportunity of speaking for my 
coworkers. ’ ’ 

F. E. Wrigiit, 
Home Secretary 


ECLIPSE EXPEDITION TO THE U. S. S. R. 


Two expeditions to observe the total 
eclipse of the sun on June 19 have been 
sent to Soviet Russia by the National 
Geographic Society in cooperation with 
Georgetown University and the National 
Bureau of Standards. 

The National Geographic-Georgetown 
Expedition will be located near Kustanai, 
U. S. S. R., northeast of the Caspian Sea. 
Its leader is Dr. Paul A McNally, direc¬ 
tor of the Georgetown College Observa¬ 
tory, Washington, D. C. 

The program of this expedition in¬ 
cludes spectroscopic analysis of the light 
of the sun’s corona, direct photographs 
of the eclipse, both in black and white 
and in color, photometric measurements 
of the intensity of light at various stages 
of the eclipse and timing of the contacts 
of the sun and moon at the beginning and 
ending of the eclipse. 1 

The duration of totality in the vicinity 

1 Totality will occur at Kustanai at 8: 24: 56 8 
A.M., June 19, in terms of World Standard Time. 
This corresponds to 11: 24: 56.8 p.m., June 18 


of Kustanai will be 127 seconds. Mete¬ 
orological data based upon observations 
during several years past and made avail¬ 
able by the Government of the U. S. S. R. 
show a high probability of clear weather 
at the time of the eclipse in this region. 

In addition to attempting direct color 
photographs of the eclipse the expedition 
will make a series of pictures with special 
filters sensitive to various wave-lengths 
of light. These pictures will be in black 
and white, but the degree of blackness 
on each plate will show the intensity of 
the particular color that registered pre¬ 
dominantly on each particular plate. 
Then by comparison with a scale of inten¬ 
sity of black and white the proper shade 
of color for each picture can be deter¬ 
mined and added. Superimposing all the 

Eastern Standard Time in the United States. 
Since clocks in Russia were set ahead perman¬ 
ently one hour in 1930 by Government order, the 
official time of totality, measured locally in 
Kustanai, will be 9: 24: 56.8. Totality will 
occur at Ak Bulak a little more than an hour 
earlier than at Kustanai. 
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plates, each with a different color of the tram” which becomes visible just before 
spectrum, should provide a synthetic pic- the moon completely covers the face of 
ture of the eclipse in its actual colors, the sun. With the new emulsions it is 
This method of capturing the colors of hoped to record invisible infra-red light 
the eclipse never has been attempted of the flash spectrum up to wave-lengths 
previously. of as much as 12,000 Angstrom units, 

In the direct photography of the several thousand Angstroms farther out 
eclipse a panatoimc emulsion of ex- toward the infra-red than has previously 
tremely fine grain will be used for the been accomplished in recording the flash 
first time in eclipse photography, making spectrum. 

possible enlargement of the photographs The timing of the eclipse will represent 
approximately 500 times, a greater a special investigation on behalf of the 

enlargement than previously has been United States Naval Observatory, and 
attained m eclipse work. the observatory will broadcast special 

The expedition also will use photo- radio time signals with special intensity 
graphic emulsions new to eclipse photog- as an aid to this program, 
raphy for registering the “ flash spec- The corona, always one of the most 
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DR. IRVINE C. GARDNER 

WITH THE 14-rOOT CAMERA 
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National Geographic Society 

DR PAUL A. MCNALLY 

WITH THE TELESCOPE AND OTHER EQUIPMENT 


interesting features of an eclipse of the 
sun, is expected to be roughly square in 
shape during this year’s eclipse instead 
of extending outward in long streamers, 
as was the case in the eclipse of 1932 
The shape of the corona varies with the 
progress of the 11-year sun-spot cycle, 
and the long streamers appear when the 
spots are approaching a minimum, 
whereas this year the spots are on the 
increase. 

The National Geographie-Georgetown 
Expedition will have more than four tons 
of equipment. Its personnel, in addition 
to Dr. McNally, includes: Erneran J 
Kolkmeyer, Thomas J. Smith and Carl H. 
Spriegel, of Georgetown University, and 
William Robert Moore, of the National 
Geographic Society. 

The National Geographic-Bureau of 
Standards Expedition will be in charge 
of Dr. Irvine C. Gardner, of the Bureau 
of Standards, assisted by Mrs. Gardner, 
who is, herself, a qualified scientist. 


Their headquarters will be at Ak Bulak, 
U S S R., about 370 miles southwest of 
Kustanai. 

The Gardners will photograph the 
sun’s corona by means of a 14-foot 
camera equipped with a newly designed 
astrographic lens, and designed to make 
photographs both in black and white and 
in color. The camera is mounted on a 
rigid demountable frame consisting in 
part of the cases in which it was shipped. 
Construction of the camera and its 
mounting as a single rigid unit has 
enabled the focusing and other adjust¬ 
ments to be made before leaving the 
United States, greatly reducing the time 
required for preparation in the field. 

The new lens greatly reduces the neces¬ 
sary focal length and increases the speed 
of the photography. The lens will pro¬ 
vide an image of the sun two inches in 
diameter on the photographic negatives, 
which will make possible enlargement 
sufficient to bring out considerable detail. 








94 


THE SCIENTIFIC MONTHLY 


The photographs taken with this 
camera also will be used to measure the 
brightness of the corona at various dis¬ 
tances from the sun. The intensity of 
black and white registered on the photo¬ 
graphic plates when compared with a 
scale of various degrees of black and 
white will indicate the intensities of light 

THE STRUCTURE 

The important fact that the tissues of 
plants and animals are developed through 
the division, differentiation and enlarge¬ 
ment of diminutive unit structures 
named “cells’’ is one of the major con¬ 
tributions of biological research of the 
past century. Before 1850 many of the 
structural variations of the cells them¬ 
selves had been observed with the micro¬ 
scope and accurately described The 
boundary of the animal cell was found, 
ordinarily, to be a thin, delicate mem¬ 
brane, while that of the plant cell was 
usually conspicuous, often quite rigid, 
and was referred to as the “cell wall.” 

The presence of crystalline material m 
this cell wall was quickly recognized by 
its appearance in polarized light. Its 
swelling behavior in water indicated a 
physical rather than a chemical change. 
A “micellar theory” based upon the idea 
that the wall was made lip of submicro- 
scopic crystalline particles (micellae) 
which were pushed apart by but did not 
react with the water was therefore elabo¬ 
rated Subsequent workers have found 
that this crystalline material in the wall 
is a compound of carbon, hydrogen and 
oxygen It is produced exclusively 
through the activity of the living proto¬ 
plasm of the plant cell and has been 
named “cellulose.” 

Botanists have been interested in the 
structure and chemical nature of the 
cellulose membrane because all outside 
influences first encounter this wall and 
may change or be changed by it before 
reaching the interior of the cell. These 
reactions have been difficult to evaluate 
because of the supposed invisibility of 


which correspond to the degrees of the 
scale. 

Ak Bulak, where Dr. and Mrs. Gardner 
will be stationed, also will be the head¬ 
quarters of the joint expedition of Har¬ 
vard University and the Massachusetts 
Institute of Technology. 

M.K. 

OF“CELLULOSE” 

the fine structure of the wall. Chemists 
have followed the behavior of the wail 
material with a large variety of tech¬ 
niques, have produced many valuable 
derivatives and have attempted, without 
success, the synthesis of a similar sub¬ 
stance from the elements which compose 
it Difficulties likewise have arisen in the 
interpretation of the many types of mem¬ 
brane behavior thus encountered. 

Recent investigations of Wanda K. 
Farr and Sophia II Eckerson, of the 
Boyce Thompson Institute for Plaint 
Research, have led to a new conception 
of cell wall structure. The building tip 
of the wall from small ellipsoid granules 
of cellulose surrounded by a glue-like 
substance has been observed in the living 
cell. The “cellulose particles” are joined 
together in a single row, end to end, to 
form a fibril and the fibrils in turn are 
joined laterally to form each layer of the 
wall. The particles constitute the crys¬ 
talline and the cementing material the 
non-crystalline portions of the membrane. 
When the cell wall is immersed in water 
the particles themselves are not affected 
but are seen to be pushed apart by the 
swelling of the colloidal cementing mate¬ 
rial. The fine structure of the cell wall is 
therefore visible instead of invisible. The 
separated particles exhibit all the specific 
properties of cellulose, and the separated 
cementing material proves to be a jelly- 
like substance similar to the pectic mate¬ 
rial which is extracted from citrus fruits 
and apples. The reactions of the two 
separable wall constituents are remark¬ 
ably consistent. It is not difficult to 
demonstrate that many of the inconsis- 
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CELLULOSE PARTICLES 

a. In a living cell, b From tiif wall of a cotton fiber, e. d A single particle and a 

DISINTEGRATING COTTON FIBER IN POLARIZED LIGHT. 


teneiesof past analyses of entire cell walls lose chemistry will be reinvestigated in 
have been the result of mutual eontami- the light of the results of these observa- 
nation. The various problems of cellu- tions. 

FLUCTUATIONS OF ELECTRICAL POTENTIAL IN THE 
CORTEX OF THE BRAIN 

The human electroencephalogram has view of the normal, and epileptic jndi- 
reeently been studied at the Harvard vidual. Preliminary experiments eon- 
Medieal School by Dr. Hallowell Davis firmed the observations of Berger, 
and his associates both from the point of Adrian and others that fluctuations in 
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electrical potential of as much as 50 
microvolts could be recorded from the 
human head with skull and scalp intact, 
and also that this activity does not origi¬ 
nate in skin or muscle, but in the cortex 
of the brain. The commonest recogniz¬ 
able pattern is a series of regular waves 
at a frequency of about ten a second. 
This pattern, sometimes known* as the 
4 * alpha’ ’ rhythm, is best seen when the 
subject is physically and mentally at 
ease with eyes closed. It is suppressed, 
temporarily at least, by opening the eyes, 
or by any sensory stimulation or mental 
activity which sharply engages the sub¬ 
ject’s attention. Many subjects show it 
rarely, if at ail, even under the most 
favorable conditions. Other waves of 
various amplitudes, sometimes at regular 
frequencies of about 20 to 30 per second 
(the “beta” waves) and sometimes quite 
irregular, also appear, either with or 
without the “alpha” waves. In general, 
the pattern of activity taken over a period 
of time from a given area of the skull is 
characteristic of a given individual. 

A number of states involving more or 
less complete impairment of conscious¬ 
ness, such as fainting, anesthesia and 
early sleep, show first a loss of the ten- 
a-second rhythm and then the develop¬ 
ment of longer and larger waves, some¬ 
times quite regular at about two or three 
a second. 

Epilepsy shows very characteristic pat¬ 


terns. Petit mill in particular yields, 
during the seizure, a very regular series 
of large waves at the frequency of three 
a second, each wave accompanied by one 
or more sharp spikes. The details depend 
on the individual and on the region of the 
brain examined, but the general pattern 
is so highly characteristic of petit mat as 
to be a useful aid in diagnosis. Minor 
“seizures” with little or no external 
manifestation may be detected, and the 
modifications produced by sleep, mental 
activity, drugs, etc., readily ascertained. 
A report of such studies was presented at 
the American Medical Association in 
Kansas City in May, 1936. 

Grand mat epilepsy also presents a 
characteristic pattern of intense electri¬ 
cal activity building gradually to a cli¬ 
max and then subsiding. This pattern 
is very similar to the electrical “storms” 
which may be induced experimentally in 
certain animals by convulaant drugs or 
mild damage to the cortex. The latter 
phenomenon has been described in some 
detail by Fischer and by Kornmueller 
in Germany. 

The electroencephalogram seems to 
hold great promise for the physiologist 
and for the psychologist in the study of 
normal function and for the neurologist 
in the study of epilepsy and other abnor¬ 
mal conditions, and work is actively in 
progress along these lines in many labora¬ 
tories both in this country and abroad. 
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NUTRITIONAL IMPROVEMENT IN HEALTH 
AND LONGEVITY 

By Dr. HENRY C. SHERMAN 

MITOHILL PROFESSOR or CHEMISTRY, COLUMBIA UNIVERSITY 
RESEARCH ASSOCIATE. CARNEGIE INSTITUTION OF WASHINGTON 


This article is essentially a report, 
interpretive rather than technical, upon 
the investigation of the relation of food 
to health and to length of life, which is 
being conducted at Columbia University 
with the cooperation of the Carnegie 
Corporation of New York and the Car¬ 
negie Institution of Washington. This 
is, of course, but one among several Car¬ 
negie researches in nutrition. 

Practically throughout its history, the 
Carnegie Institution of Washington has 
supported nutritional research: in the 
energy aspects, first by grants in aid of 
the work of Atwater and Benedict at 
Wesleyan University, and then by the 
establishment of its own Nutrition Lab¬ 
oratory in Boston under the direction of 
Dr. Francis Q. Benedict; in the aspects 
having to do chiefly with the proteins 
and vitamins, by liberal grants in sup¬ 
port of the work of Osborne and Mendel 
at Yale and the Connecticut Agricul¬ 
tural Experiment Station; while grants 
in aid of research upon enzymes at 
Columbia contributed toward the work¬ 
ing out of the chemical natures of sub¬ 
stances important to the nutritional 
process both as protein derivatives and 
as catalysts of the body’s chemical re¬ 
actions without which these would not 


run fast enough to support such a rate 
of energy exchange as is essential to the 
higher forms of life. 

Adequate and Optimal Diets 

The work now to be summarized is a 
joint outgrowth of these earlier Carnegie 
researches and of the nutritional aspects 
of certain food supply problems of the 
world war (Figs. 1-3). One of these 
problems was. What minimum propor¬ 
tion of milk suffices so to supplement or 
balance a maximum proportion of wheat 
that the mixture will constitute a nutri¬ 
tionally adequate diet? 

It was found that a mixture of five 
sixths ground whole wheat and one sixth 
dried whole milk, with table salt and dis¬ 
tilled water, which we shall call Diet A, 
was adequate in that it supported normal 
growth and health w r ith successful repro¬ 
duction and rearing of young, genera¬ 
tion after generation. Yet when the 
proportion of milk was increased, to con¬ 
stitute Diet B, the average results were 
better. 

Diet A, then, is adequate but not 
optimal; Diet B is better and probably 
capable of still further improvement. 
We have here a nutritional improvement 
upon a dietary which was already ade- 
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quate. In the averages of sufficiently 
large numbers of cases the evidences of 
nutritional improvement are measurable 
in terms of several criteria of increased 
vitality at different stages of the life 
cycle, and the measured differences are 
such as to show that, within the range 
or zone of normal nutrition and ^health, 
there is a rather large area between the 
merely adequate and the optimal. It is 
the exploration of this area with which 
we are here concerned. 

The Experimental Animal 

The experimental animal chiefly em¬ 
ployed has been the rat; because, as had 
been shown by the work of Osborne and 


Mendel and of Folin, the chemistry of 
its nutrition is so closely similar (in 
nearly all respects) to that of the human 
being. 

Chemically, the only way in which this 
experimenial animal has been found to 
differ materially from ourselves is that 
we are much more dependent upon, and 
responsive to, the vitamin C value of our 
food. Thus the opportunity for nutri¬ 
tional improvement is similar on the 
whole in the two species; but where they 
differ the responsiveness of the human 
organism is the greater. Hence definite 
scientific evidence supports the view that 
the laboratory findings need not be dis¬ 
counted when applied to human prob- 



Courteeg Bwttmion Service, U. S, Dept, of Agriculture, 
FIG. 1. EFFECT OF DEFICIENT DIETS. 

Five Austrian children, all seven years or age. With four of them such food shortages 
A8 LACK OF MILK AND EGGS MARKEDLY INFLUENCED GROWTH AND DEVELOPMENT. 
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ONE OTHER FOOD 

Ag SHOWN HERE, MILK PROVED ESPECIALLY EFFECTIVE IN NUTRITIONALLY “BALANCING” BREAD. 

In each of these experiments with bread and one other food, the bread furnished four 

FIFTHS AND THE 0T11FR FOOD ONE FIFTH OF THE TOTAL FOOD CALORIES. 


lems; more probably they are consider¬ 
ably within the truth as to the respon¬ 
siveness of human health to nutritional 
improvement. 

The fact that the rat, while resembling 
us so closely in its chemistry, yet runs 
through its normal life cycle in one 
thirtieth the time of a human life adds, 
of course, very greatly to the facility 
with which this deputy can be employed 
in the experimental study of our nutri¬ 
tional problems. If it were possible to 
observe human subjects under controlled 
conditions through entire life cycles for 
successive generations, centuries would 
be required to cover the ground covered 
by the laboratory work of the decade or 


so which we are here reviewing. More¬ 
over, these laboratory animals are suffi¬ 
ciently modest in their demands for 
space and cost of living to permit of the 
use of large enough numbers to justify 
confident statistical interpretation of 
findings. 

Improvement Resulting from Change 
of Diet 

Several differences in degree of nutri¬ 
tional welfare and resulting health, 
within the range of what is accepted as 
normal, have now been thus established. 

The first of these differences which we 
observed was that, in the launching of a 
new generation, Diet B supports the 
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FIG. 3. FKOM THE SAME LITTER. 


These twin sisters iiau been of the same size and equally healthy and vigorous at 

THE BEGINNING OF THE EXPERIMENT SUMMARIZED IN FlO. 2; THEN DURING THE EXPERIMENTAL 
PERIOD ONE WAS FED BREAD AND APPLE, THE OTHER BREAD AND MILK. THE LATTER MADE GOOD 
GROWTH AND APPEARED HEALTHY AND NORMAL IN EVERY WAY. WITH THIS LIMITED PROPORTION 
OF MILK, HOWEVER, IT WAS ONLY WHEN WHITE BREAD WAS REPLACED BY WHOLE WHEAT THAT THE 
DIET BK( AME ADEQUATE FOR THE SUPPORT OF SUCCESSIVE GENERATIONS. 


mother better than does Diet A, and at 
the same time gives the young a better 
start (Fig 4). 

Strictly quantitative experiments with 
large numbers of such families continu¬ 
ing through successive generations and 
covering (of late, at least) the entire life 
cycle of each individual, showed that this 
same improvement of an already ade¬ 
quate diet (1) expedited growth and 
development, (2) resulted in a higher 
level of adult vitality as shown by sev¬ 
eral criteria, and (3) extended the aver¬ 
age length of adult life, or improved the 
life expeel ation of the adult. Data on 
the first and second of the three phases 
just mentioned have been summarized in 
a previous report, 1 while the data for 
length of life are shown m Table I. 2 

The increase in average length of adult 
life here found would correspond to an 
extension of the long-standing human- 
adult life expectation of 70 years to 77 
years instead Obviously many cases of 
people living to the age of 77 fall within 

l H. C. Sherman and H. L. Campbell, Jour . 
Biol. Chem., 50: 5-15, 1924. 

2 H. C. Sherman and H. L. Campbell, Proc. 
Nat. Acad . Set., 14: 852-855, 1928; and Jour , 
Nutrition , 2: 415-417, 1930. 


TABLE I 

Showing Increase in Length of Am lt Life 

THROUGH IMPROVEMENT OF AN ALREADY 

Adequate Dietary 


On Diet A On Diet B 


xs xs 



Males.. 135 571 18 0 124 635 + 8 5 64 + 11.7 
Females 196 603 + 8 0 163 009 + 7.8 06 ±11.2 


the familiar range of normal experience. 
Yet inasmuch as previous improvements 
in the average length of life have been 
so closely confined to the lowering of 
early death rates as to leave the average 
length of adult life unchanged, the pos¬ 
sibility of extending this average by 
nutritional improvement is of interest 
from several points of view. 

It is all the more significant because of 
the fact that, in these experiments, devel¬ 
opment is expedited and senility de¬ 
ferred in the same individuals, so that 
what, for lack of a better term, we may 
call “the period of the prime” is ex¬ 
tended in greater ratio than the life-cycle 
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itself* Thus in typical cases, such as are 
illustrated by Fig. 5, the same degree of 
incipient senility which is reached by 
normal individuals on Diet A at an age 
corresponding to about 65 years in the 
human life is deferred on Diet B to an 
age corresponding to 75-80 years. 

It need hardly be said that on both 
diets a considerable proportion of indi¬ 
viduals, as in human experience, die 
natural deaths before the attainment of 
these ages. Naturally also, such nutri¬ 
tional improvements as we are here con¬ 
sidering lower the death rates of the 
young as well as of the middle-aged and 
old, so that the life expectation at birth 
is improved even more than is that of the 
adult. 

Effect of “Protective Foods” 
Recognized 

There are evidences of several kinds 
that in direct human experience this 
same sort of improvement of food sup¬ 
plies—in general terms, the taking of a 
larger proportion of the needed calories 


in the form of what McCollum named 
“protective foods’ *—acts to support 
superior development in children and a 
greater number of years of “positive” 
or “buoyant” health in adults. The his¬ 
torical and field evidence collected by Mc¬ 
Collum and Simmonds 8 and the clinical 
data of Langstroth 4 together indicate 
very clearly that the onset of senility is 
deferred, or the incidence of the so-called 
degenerative diseases decreased, when 
the so-called protective foods are given a 
more prominent place in the dietary. 

The idea of such a shift in the relative 
proportions in which different foods 
shall be used is already beginning to 
spread far beyond the laboratory and 
the lecture hall. The Secretary of Agri¬ 
culture writes in an official report: “The 
goal is optimal nutrition”; the president 
of the American Medical Association 
says in his official address that science 

a E. V. McCollum and N. Simmonds, ‘ * The 
Newer Knowledge of Nutrition,” 4th ed. (Mac¬ 
millan), 1929. 

4 L. Langstroth, Jour. Amcr. Med. Amsoc., 93: 
1607-1613, 1929. 



Typical weight curves for a mother and two or her young on each or two diets. Both 
MOTHERS REARED ALL THEIR FIRST LITTERS (8Y8 AND 7Y7) J BUT ON DlBT B THE MOTHER'S BODY 
WAS BETTER MAINTAINED, AND ALSO THE YOUNG GREW AT A BETTER RATE. 
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promises, to those peoples who will use 
the newer knowledge of nutrition, 
greater vigor, increased longevity and a 
higher level of cultural attainment; and 
the representative of Australia com¬ 
mands the attention of the League of 
Nations with his slogan, “Marry Agri¬ 
culture and Health.” 

Perhaps science vs ill be joined by 
statesmanship in bringing these recent 
advances of knowledge into the service 
of human welfare. In any case, this 
newer knowledge of nutrition is widely 
taught in the schools, is at least begin¬ 
ning to be used in a growing proportion 
of homes; and will (whether rapidly or 
gradually) become more and more effec¬ 
tive through an increasingly informed 
and intelligent consumer demand. 

At the same time, further scientific 
research can be of great benefit in show¬ 
ing more precisely the possibilities in 
this field; and developing more fully the 
ways in which these possibilities can be 
brought into service with a minimum of 
encroachment upon, and also with a 
minimum of retardation by, social cus¬ 
toms, individual preferences and eco¬ 
nomic problems. Many of the economic 
problems can, in fact, be helped to solu¬ 
tion by this new scientific knowledge. 

Attainment of “Buoyant Health” 

And, so far as we can judge, the posi¬ 
tive improvement of health, the induc¬ 
tion of a more buoyant health, can be 
added to the gains in health, efficiency 
and longevity which are attained in other 
ways, as through genetics, sanitation of 
environment and training of mind and 
body The concept of the nutritional 
improvement of such health as is already 
“passable” to a status more “buoyant” 
(to use the terms of the Journal of the 
American Medical Association) fits ex¬ 
cellently the scheme recently offered here 
at the Institution from the genetic point 
of view (Fig. 6). 


To picture, as an addition to the dia¬ 
gram in which the life cycle is repre¬ 
sented by the path of a projectile, the 
improvement which can be made through 
nutrition, if we think in terms of positive 
health, is as if the projectile, instead of 
merely responding passively to its origi¬ 
nal impetus, wore (like a rocket or tor¬ 
pedo) generating additional propulsive 
power during its flight; or, if we think 
in terms of the word buoyant, it is as if 
we had found a way of partly offsetting 
the downward pull of gravitation (of 
diminishing the rate at which we tend to 
age), which is essentially what the newer 
chemistry of nutrition is now doing in 
finding liow to induce and maintain a 
superior internal environment. 

Our actual experiments, thus far, are 
chemical and biological—not psychologi¬ 
cal—-but so far as our minds are domi¬ 
ciled in our bodies it seems reasonable 
to expect that a superior internal en¬ 
vironment may have a more than merely 
biological value. 

At any rate, we may now accept as 
established, (1) the existence of a wide 
and evidently fruitful area of research 
between the merely adequate and the 
optimal in food supply and nutritional 
condition, and (2) the general validity of 
our present methods of animal experi¬ 
mentation in this field of research. 

Fukther Investigations 

The further experiments now in prog¬ 
ress are designed to extend present 
knowledge in two main ways. We seek 
to establish the relationships of the indi¬ 
vidual chemical factors of food value to 
the nutritional improvements originally 
effected by adjustment of the relative 
proportions of ordinary articles of food. 
This should make possible such formula¬ 
tion as to facilitate the fullest function¬ 
ing of these findings both in pure science 
and in medicine, dietetics, and food eco¬ 
nomics. 
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FIG. 5. AGING BATS. 


These rats have always been healthy and normally nourished, but when photographed 

WERE BEGINNING TO SHOW AGING (COMPARE WITH THE HEALTHY YOUNG RAT IN FlG. 3). THE 
EQUAL DEGREE Or INCIPIENT SENILITY IN THE TWO CASES HERE SHOWN WAS REACHED, AS EXPLAINED 
IN THE TEXT, AT DIFFERENT AGT> H—ACCORDING AS THE DIETARY HAD BEEN MERELY ADEQUATE OR 

SOMEWHAT BETTER. 


And, simultaneously, we seek also to 
ascertain just what kinds and degrees 
of enrichment of the dietary are effective 
for the nutritional improvement of 
health at all stages of the life cycle. 
Even during the time that our present 
(current) experiments have been m 
progress, this latter question has been 
given increased prominence by the ten¬ 
dency of certain pediatricians to warn 
against the assumption that the most 
rapid early growth is necessarily the 
most conducive to future well-being, and 
by the finding in the Agricultural Ex¬ 
periment Station at Cornell that a very 
rapid growth, induced by extremely rich 
diet given in unlimited amounts, may not 
always be best in its effects upon the life 
cycle as a whole. 0 

There is not necessarily any real con¬ 
flict between the Cornell and the Colum¬ 
bia findings. If they appear divergent 
this may be simply because they deal 
with widely separate areas in what we 
now see to be a very broad field of inves¬ 
tigation. 

The starting point of the Cornell ex¬ 
periments was an extremely rich diet, 

»C. M, MeCay, M. F. Crowell and L. A. 
Maynard, Jour . Nutrition, 10: 63-79, 1935. 


such as may be approached in occasional 
cases of the forcing of farm animals for 
maximal gains in body weight; and pos¬ 
sibly when an infant is fed without re¬ 
gard to economic considerations and with 
too great a desire to make a phenomenal 
record of growth at an early age. Such 
eases of undue forcing of growth by ex¬ 
treme richness of food, if they actually 
occur in practice, are doubtless relatively 
rare; they do not seem likely to affect 
more than an extremely small minority 
of the population 

The starting point of our experiments 
at Columbia was a dietary much more 
representative of the food supplies upon 
which the great majority of people must 
depend. The chief sources of food 
calories are the grain products, here rep¬ 
resented by wheat, and the dietary is 
made adequate by the inclusion of an 
economical proportion of the so-called 
“ protective 99 foods, here represented by 
milk. 

Factors in Enrichment of Diet 

Between our Diets A and B the sole 
difference was the relative proportions 
in which these everyday foods were con¬ 
sumed. But the change in this single 
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experimental factor means, when the de¬ 
scription of the experiment is transposed 
into chemical terms, the enrichment of 
the diet in not less than four respects: 
calcium, protein, and the vitamins A 
and Q. 

We seek now to establish, as rigor¬ 
ously and precisely as possible, the role 
in this connection of each of these four 
factors, beginning with calcium. 

The minimal level of calcium intake 
for permanent support of normal nutri¬ 
tion appears, from the findings of several 
investigations, to lie between 0.13 and 
0.19 per cent of calcium in the dry food; 
while the optimal level is materially 
higher, though just how much higher is 
a problem still under active investiga¬ 
tion. 

Both by calcium-balance experiments 
with growing children" and by analyses 

«Ii. C. Sherman and E Hawley, Jour. Biol. 
Chem., 03 375-390, 1922. 


of the bodies of experimental animals’''* 
it is found that even when there is every 
appearance of normal growth there may 
be considerable differences in the rate of 
calcium retention, depending upon the 
calcium content of the food. 

Such data upon the period of growth 
and development are, of course, not con¬ 
clusive as to the ultimate effects. But 
experiments recently completed, which 
cover the entire life cycle and extend into 
successive generations, indicate that the 
diets with moderately increased calcium 
content, which have expedited growth 
and development, with earlier attain¬ 
ment of an adult percentage of body 
calcium, have also induced higher vital¬ 
ity throughout and improved the life 
expectation of the adult as well as of the 
young. 

7 H. C. Bherman and F. L. MacLeod, Jour. 
Biol Chevu, 74: 429-459, 1925. 

** H, C. Sherman and L, E. Booher, Jour Biol. 
Chem., 93: 93-103, 1931. 



FIG. 0. LIFE AS A BALLISTIC CUEVE. 

Life is shown as a ballistic curve, the form and span of which are determined by: the 

INITIAL QUALITY OF THE EGG CELL AND THE RESISTANCE IT MEETS IN ITS FURTHER COURSE. In THE 
THREE CURVES, CHOSEN AS TYPICAL, IT IS ASBUMED THAT THEBE INDIVIDUALS ENCOUNTER THE COM¬ 
MON WEAR AND TEAR OF EXISTENCE. THE DIFFERENCE IN THEIR LIFE-SPAN RESULTS ENTIRELY FROM 
THE DIFFERENCE IN THEIR INITIAL QUALITY. WERE THE WEAR AND TEAR GREATER OR LESS THE 
CURVES WOULD BE CORRESPONDINGLY ALTERED. In SUCH A DIAGRAM THE RELATIVE INITIAL QUALITY 
OF THE EGG-CELL CAN BE EXPRESSED IN TERMS OF DEGREES OF THE ANGLE OF PRIMARY INCLINATION. 
The NEWER KNOWLEDGE OF NUTRITION SHOWS HOW THE NORMAL PATH HERE PICTURED BECOMES 
BOTH HIGHER AND LONGER WHEN TO THE INITIAL IMPETUS THERE IS ADDED THE SUSTAINING EFFECT 
OF A BETTER-THAN-MERELY-ADEQUATE DIETARY WITH RESULTING NUTRITIONAL IMPROVEMENT OF THE 

INTERNAL ENVIRONMENT. 
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Effects of Increasing Calcium 
Content 

With all other factors held uniform, 0 
this moderate increase in the calcium 
content of the food has resulted in more 
rapid growth, more efficient utilization 
of food value whether computed in terms 
of calories or of protein, slightly earlier 
maturity, improvement of the already 
normal health at all ages, and some in¬ 
crease in the average length of adult 
life. 

In this particular series, the gain in 
longevity by the males is undoubtedly 
significant, while that by the females is 
smaller and if it stood alone would not be 
statistically convincing. Before one con¬ 
cludes, however, that the nutritional re¬ 
actions of the sexes are different in this 
respect, there should be similar experi¬ 
ments comparing the effects of the two 
food supplies upon the life histories of 
unmated females and upon groups of 
families in which the factor of pregnancy 
and lactation is held constant. For in 
the experiments just mentioned, the 
females on the food supply richer in cal¬ 
cium produced and suckled more young 
and it is conceivable that if the demands 
of pregnancy and lactation had been less 
frequent and heavy these females might 
have lived somewhat longer. It is hoped 
that opportunity can be found for such 
an additional series of experiments. 

Experiments in Progress 
Meanwhile, experiments are already in 
progress to determine the effects of fur¬ 
ther enrichment of the diet in its calcium 
and phosphorus contents, 10 and with and 
without simultaneous enrichment in pro¬ 
tein content, vitamin values, or both. 11 
Other work in our laboratory has sug¬ 
gested that both in the case of vitamin 
®H. C. Sherman and H. L. Campbell, Jour. 
Nutrition, 10: 363-371, 1935. 
n> Unpublished experiment* of E. W. Toepfer. 
ii Unpublished experiments of R, T. Conner 
and of L. N. Ellia. 


A 12 and of vitamin G 1S there is progres¬ 
sive nutritional benefit with increasing 
liberality of intake up to levels probably 
at least four-fold higher than the 1 * ac¬ 
tual 1 ’ or minimal needs of normal nutri¬ 
tion. 

We hope to continue the studies of the 
effects of these relatively high levels of 
intake of calcium, of protein and of vita¬ 
mins A and G throughout the life cycles 
of at least two generations. 

What level of consumption yields the 
best results is, therefore, a question 
whose answer, it now appears, will differ 
rather widely for different factors of 
food value. 

Of food calories, the level of intake 
which yields the best results in the long 
run is very nearly the same as the mini¬ 
mum which will maintain a normal 
status 

Of protein, the optimum is now gen¬ 
erally held to be not over twice the nor¬ 
mal minimum. 

Of calcium, the results thus far ob¬ 
tained seem to indicate that the best 
results are reached only at a relatively 
more liberal intake, perhaps about three 
times the normal minimum. 

While with vitamins A and G, the pres¬ 
ent indications are that the best results 
may require at least four times as much 
as would cover the minimal normal 
needs. 

The necessity for brevity prevents the 
discussion, here, of those aspects of our 
research which have shown that the 
growth data of our experiments have 
such a symmetrical frequency-distribu¬ 
tion as to justify a high degree of confi¬ 
dence in their statistical interpretation 14 ; 
and the further finding that faster or 
slower growth as an individual charac- 

12 E, L. Batchelder, Am. Jour. Phyriol., 109: 
430-435, 1934. 

is H. C. Sherman and L. N. Ellis, Jour . Biol . 
Chem 104, 91-97, 1934. 

H H. O. Sherman and H. L, Campbell, Proo. 
Nat. Aoad. Sci. t 20: 413-416, 1934. 
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FIG. 7. AGE INCIDENCE OF MAJOR OPPORTUNITY. 

From data derived largely from ' ‘ American Men or Science, ’ ’ Fifth Edition, there is here 

CHARTED THE INCIDENCE Or MAJOR OPPORTUNITY IN DIFFERENT AGE RANGES, AS EXPLAINED IN THE 

ACCOMPANYING TEXT. 


teristic does not in itself influence the 
life expectation. That is, the strictly in¬ 
dividual variations in growth and in 
longevity are independent, not interde¬ 
pendent. 1,1 

These two findings place our research 
program m a much stronger position for 
the solution of the further problems men¬ 
tioned above as still under investigation. 

While the improvements in health and 
longevity, to which the newer chemistry 
of nutrition is showing the way, involve 
nothing so dramatic biologically as a 
mutation, or as some of the exploits of 
endocrinology, yet they seem to have a 
more than biological significance. 

Broader Human Implications 

May we conclude by glancing very 
briefly at some of their broader, and per¬ 
haps more far-reaching, human implica¬ 
tions ? 

••>U. C. Sherman and H. L. Campbell, Proc. 
Nat. Acad. Set., 21: 235-239, 1935. 


In one of his annual reports, comment* 
ing upon the deaths of two colleagues, 
the late President Woodward remarked 
that a third of a professional or scien¬ 
tific man’s years have usually passed by 
the time he has finished his formal school¬ 
ing and entered his constructive life 
work; then probably another third will 
be spent in proving to himself and to 
others what he is able to do, before he 
will be entrusted with his highest respon¬ 
sibilities; and so, only the last third of 
his years remain in which to render his 
fullest service to the world. 

A recent charting of the age incidence 
of major opportunities of presumably 
representative men in occupations of a 
scientific or related administrative or 
educational nature, strikingly confirms 
Woodward’s impression that the most 
frequent time of attaining (or being pro¬ 
moted to) such “fullest” opportunity, is 
around the age of 50 years, Perhaps 



HEALTH AND LONGEVITY 


107 


equally striking is the wide range of ages 
at which appreciable numbers of men 
have actually found (or been admitted 
to) their major opportunities (Fig. 7). 

Both these facts emphasize strongly 
the advantages to the individual and the 
gains to society which may confidently 
be anticipated from the earlier attain¬ 
ment and the longer retention of the full 
adult capacity and efficiency of individ¬ 
ual persons (and of the constantly 
increasing proportion of people) who 
will have received the benefits of the 
newer chemistry of nutrition. 

Such improvements should greatly 
facilitate what is now being found so im¬ 
portant both in scientific research and in 
the industrial world, team work on terms 
of essential equality between younger 
and older people, to bring into the service 
of a given enterprise the full advantages 
both of the newer training and of the 
more mature experience, as well as of 
differing but mutually helpful points of 
view. And in proportion as work has 
social value, the value to society of longer 
individual careers (with full opportunity 


opened earlier in life and in ways which 
permit the full use of experience also) 
should be increasingly recognized. 

As President Merriam has pointed out 
in his essay entitled “Are the Days of 
Creation Ended?”, 16 the direction of 
human evolution is now largely social, 
and society is a continuing organism in¬ 
terested in its own future. What prom¬ 
ises to affect this future should influence 
our decisions from day to day and will 
do so more effectively with the growth of 
the scientific spirit which expects prog¬ 
ress and works for it; but meanwhile the 
shortness of individual lives tends to set 
a limit to the actual use by man of the 
knowledge which he has accumulated and 
the institutions which he has built and 
developed. Hence the longer term of 
fully efficient years which the newer 
chemistry of nutrition offers may be of 
far-reaching significance to human prog¬ 
ress in affording fuller opportunity for 
the use and enjoyment of the ever grow¬ 
ing body of knowledge. 

16 J. C. Merriam, “Tim Living Past” (Scrib¬ 
ner's), 1931. 



THE INFLUENCE OF SOLAR VARIABILITY 

ON WEATHER 


By Dr. C. G. ABBOT 

SECRETARY, SMITHSONIAN INSTITUTION 


Meteorologists with few exceptions 
have attributed weather changes to the 
complex make-up of the earth and its 
atmosphere. Certain observations and 
statistical studies lead me to believe that 
an important factor in weather produc¬ 
tion is the fluctuation of the intensity of 
the sun's radiation Hitherto no atten¬ 
tion has been given to this factor in offi¬ 
cial forecasting. The following paper 
indicates the magnitudes of weather 
changes which solar variability may pro¬ 
duce. Whether or not these effects may 
become readily predictable, their recog¬ 
nition seems to me to be a step in 
advance. 

Viewing the sun as a variable star, its 
percentage range of variation is not 
large. Careful measurements made by 
the Smithsonian Institution at favorable 
mountain stations in desert lands since 
1918 do not disclose a total probable 
range in the solar constant of radiation 
of more than 3 per cent. It is quite pos¬ 
sible, but not capable of proof as yet, 
that larger solar changes have occurred 
in the past and may occur in the future. 
But this is outside of our present inquiry. 

Pig. 1 shows a series of solar constant 
observations made on every suitable day 
from June 3 to November 2,1934, at two 
stations. Mount Montezuma lies in the 
southern hemisphere, Lat, 22° 40' S., 
Long 68° 56' W. ; Alt., 9,000 feet. 
Mount St. Katherine lies near Mount 
Sinai in Egypt, Lat. 28° 27' N., Long. 
34° 0' E.; Alt., 8,500 feet. Thus the 
local conditions which might have af¬ 
fected these results included summer at 
St. Katherine and winter at Montezuma. 


Yet the average deviation of the daily 
values, including all which are graded 
by the observers as satisfactory, S, or 
nearly satisfactory, S~, is 0.4 per cent. 
This means that the methods and obser¬ 


vations are so satisfactory that results 
of two stations 7,000 miles apart, one 
operating in winter, the other in summer, 
are little affected by instrumental errors 
and by the variable conditions prevailing 
in the ocean of atmosphere above them. 
For assuming that the two stations are 
equally good, we find their individual 
average daily probable error in estimat¬ 
ing the intensity of solar radiation in 
free space at the earth's mean solar dis- 


0 4 x 0.8 „ _ 

tance is only-— or 0.2o per cent. 

V" 

To the eye, Pig. 1 seems to indicate 
several variations of the sun of the order 
of 1 per cent. But when we compute 
correlation coefficients from all these 
data of the two stations which are 
marked S or S~, the value comes out 
insignificant. Everybody knows, of 
course, that such is always the case when 
a small real variation is associated with 
relatively large values of probable error. 
But in this case one other justifiable step 
may be taken. Certain values may be 
omitted, not because they spoil the cor¬ 
relation coefficient, but because they lie 
wild in the series observed at their own 
station. For instance, consider the fol¬ 
lowing case. The figures given below are 
in thousandths of a calorie. For com¬ 
pleteness read 1.900 plus the values 
given, 


July 

Values 

Grades 


St. Katherine 

21 22 23 24 20 20 2? 28 29 80 

40 43 87 39 45 32 46 44 48 47 

S S S~ S S S~ 8- S~ S- 8- 
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It seems very clear that though to the 
observers there was little visible objec¬ 
tion to the value on July 26, yet it lies so 
wild compared to its neighboring days 
that to include it in a correlation com¬ 
putation relating to a possible variation 
of 0.020 calorie in range it must greatly 
reduce the resulting correlation coeffi¬ 
cient. Acting on this line, Pig 2 repre¬ 
sents a spot diagram in which obviously 
unsatisfactory days have been eliminated 
in this way, notwithstanding their fair 
grades as rated by the observers. All the 
days so eliminated are tabulated m Fig. 
2, and the reader may compare them with 
Fig. 1. As amended, the data show an 
obvious correlation, confirming our im¬ 
pression that variations of the sun 
occurred between June 3 and November 
2, 1934. 

Still the reader may object to what 
has just been suggested. 1 therefore 
undertake another line of argument. 
Let us assume that the sun really varies 
at short intervals, as Fig. 1 indicates. 
Further, let us assume that such solar 
variations produce sensible weather 
changes, in temperature, for instance, at 
Washington. It would naturally follow 
that whatever the effect might be when 
the solar constant increases for several 
days, the opposite temperature effect 
would follow when the solar constant 
declines. 

With this idea in mind I have sought 
out all the cases occurring between Janu¬ 
ary, 1924, and December, 1930, when 
sequence of several days indicated rise 
or fall of solar radiation. The values of 
the solar constant discussed are those 
observed at Montezuma, as printed in 
Annals, Astrophysical Observatory, Vol. 
5, Table 31. I did not include sporadic 
single-day jumps but only those occa¬ 
sions when several days indicated a real 
rising or falling sequence. Nevertheless, 
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it is highly probable that some of my 
eases are spurious. Hence the tempera¬ 
ture effect caused, if real, is the more 
unlikely to be found. None of the 
changes of solar radiation were on their 
face values large. Their average could 
not have exceeded one half per cent. 

The temperature departures used are 
the differences between the reported 
daily means of "Washington maximum 
and minimum and a smooth curve drawn 
to represent the monthly means of this 
quantity as published in the first volume 


of World Weather Records. It is not to 
be supposed that the temperature effects, 
if real, caused by solar changes would 
be the same at different seasons of the 
year. Hence I segregated the results by 
months, throwing, for example, all cases 
in which the solar constant showed rising 
sequences in the months of January be¬ 
tween the years 1924 and 1931, inclu¬ 
sive, into one table, and so on. 

Fig. 3 shows the actual result of this 
experiment for the month of April, 
which is one of the better months, but 
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in no way exceptional. The reader will 
note the marked opposition of tempera¬ 
ture departures at Washington, covering 
even details following, respectively, ris¬ 
ing and fading sequences of solar varia¬ 
tion. The spread of temperatures is very 
large, amounting, respectively, to 12° 
and 11° F., two days and twelve days 
after the solar change began which seems 
to have caused it. All other months show 
similar oppositions of effect, and many 
months show as large effects as April. 

The actual march of temperature de¬ 
partures in Washington following solar 
changes alters from month to month. 
Rising tendencies follow rising solar 
sequences for the months December to 
April, inclusive. The opposite is the 
rule from May to August, inclusive. The 
other months show well-marked opposi¬ 
tion, but in irregular types of march 
It is, of course, probable that some other 
classification than a monthly one would 


be preferable. The type of temperature 
march doubtless depends on the pattern 
of the atmospheric circulation by which 
weather influences of solar origin arrive 
at Washington. For they immediately 
affect certain centers of action thou¬ 
sands of miles away, and travel through 
the atmosphere by roundabout paths. 
Further study of the phenomena may 
lead to a better grouping than the 
monthly one. 

Much further investigation of the de¬ 
pendence of temperatures on short- 
interval solar changes is contemplated. 
Here it needs only to be added that the 
later solar constant work since 1930 leads 
to demonstrations of opposition of tem¬ 
perature effects similar to that of 1924 
to 1930. What is certainly extraordi¬ 
nary is the apparent fact that one half 
per cent, change in the solar constant 
of radiation may produce 5° to 7° F 
change in temperature departures, and 



Flo. 3. Opposed temperature departures which follow rising and falling sequences of 

SOLAR VARIATION. 
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may extend its influence over a period 
of two weeks after the solar change 
begins. 1 have as yet made no attempts 
to use this relationship for forecasting. 1 

We now turn to longer intervals. In 
Fig. 4 is shown the mean monthly march 
of solar constant values as observed from 
1924 to 1930 at Montezuma, Table Moun¬ 
tain and Mount Brukkaros, stations sepa¬ 
rated by many thousand miles, and in 
opposite hemispheres. The reader will 
perceive that though divergences occur, 
on the whole the three stations afford 
mutual support. When we reflect upon 
the small probable error of an individual 
day’s work at such a station as Monte¬ 
zuma, as stated above, and that it is to 
be divided by \/16 or thereabouts in a 
monthly mean, one sees no reasonable 
doubt that the fluctuations are large 
enough to prove that the sun did actually 
vary as shown. Fig. 5, Curve A, gives 
the best result from 1920 to 1934. 

Analysis of the solar variation indi¬ 
cated by Fig. 5 discloses that it may be 
represented, to an average deviation of 
one fifth of one per cent., as the summa¬ 
tion of the following twelve periodicities: 
7, 8, 9}, 11, 21, 25, 34, 39*, 46, 68, 92 and 
276 months. For the shorter of these 
periods the data may be separated into 
two or more parts, so as to see if the 
period holds in form and phase through¬ 
out. In Fig. 5, I show such an analysis 
of the data. The heavy lines give the 
average form and phase of the twelve 
periods. Their summation in the dotted 
curve, B, may be compared with the 
original data in Curve A. The most in¬ 
teresting thing about this analysis is that 
it was only after about half of the 
periodicities had been discovered inde¬ 
pendently, one by one, that it was noticed 
that they have an approximate least com¬ 
mon multiple in 276 months, or 23 years. 

1 A completer study of these phenomena is 
about to be published by the Smithsonian In¬ 
stitution. 



TEMPERATURE PERIODICITIES. 

Then it was recalled that Hale had dis¬ 
covered that the magnetism of sun-spots 
shows a complete cycle composed of two 
11-year sun-spot periods. Still later I 
have noticed that the sun-spot cycles 
themselves have an alternate inequality, 
and therefore a complete period of two 
11-year cycles. This is seen clearly in 
Fig. 6, where every left-hand curve in¬ 
cludes a less area than its right-hand 
neighbor. 

I do not pretend to explain why the 
sun’s radiation displays as periodicities 
a fundamental and eleven overtones. In 
the vibrations of a violin string this 
would not be remarkable, but why it 
should occur with a sphere of perfect 
gas I must leave to mathematicians. 
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Similarly, I do not pretend to explain 
why as indicated in Fig. 3 a sequence of 
solar change ranging only about one half 
per cent, should cause a departure from 
normal temperatures at Washington of 
5° to 7° F. I am presenting statistical 
results in this paper, not theories to ac¬ 
count for them. But I should be im¬ 
mensely pleased and relieved if some one 
of far abler mathematical powers than 
mine would explain them. 

Assuming these twelve long solar 
periodicities shown in Fig. 5, what if 
any evidences are there that they affect 
weather? In this inquiry I have used 
the data printed in World Weather 
Records, published by the Smithsonian 
Institution. As monthly values of 
weather departures from normal fluctu¬ 
ate widely, I have smoothed such de¬ 
partures by consecutive 5-month means. 
In the use of precipitation, I have ex¬ 
pressed it in percentages of normal, thus 
avoiding the embarrassment of rainy and 
dry seasons of each year which widely 
modify absolute values. 

Having, then, such smoothed de¬ 
partures from normal, I tabulated them 
in ways adapted to disclose the periodici¬ 
ties discovered in solar variation. An 
illustration of such a tabulation may be 
found by interested readers on page 37 
of my former paper. 2 

I found after much tabulation that a 
very significant relationship obtains. If 
one takes January, 1819, as the zero date, 
he finds that the reversals of phase, 
which hitherto have baffled seekers for 
weather periodicities, take place sharply 
at dates separated from January, 1819, 
by multiples of 11$ years. 

Figs. 7 and 8 illustrate this discovery. 
Fig, 7 shows the 11-month and 21-month 
periodicities in the temperature de¬ 
partures of Berlin. It will be immedi¬ 
ately perceived that the 11-month curves 

* Smithsonian Mho. Coll., Vol. 94, No. 10, 
193S. 



Fig. 10. The 23-year cycle in Douglass's 

TREE-RING WIDTHS. 


go in pairs, with a marked change of 
form occurring between each pair and 
the next. The individual curves of each 
pair represent 11-year and 12-year aver¬ 
ages, respectively. Thus every pair cov¬ 
ers 23 years. As for the 21-month curves 
at the right, they also cover alternately 
11 years and 12 years, but their changes 
of form take place sometimes after 11$ 
years, sometimes after 23 years, but al¬ 
ways at dates related to January, 1819, 
by intervals which are multiples of 11$ 
years.* 

* In Fig. 7, A, for “Mean III, IV, VI, VIII, 
IX” read “Moan I, III, IV, VI, VIII, IX.” 
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Fig. 8 shows how very sharply this 
relationship with January, 1819, holds. 
The upper pair of curves represent, re¬ 
spectively, the 11-month period com¬ 
puted from the last 22 months before 
November, 1841, and from the first 22 
months after that date. The lower curve 
represents the 21-month period com¬ 
puted from 42 months preceding and 
following, respectively, July, 1864. 
Both pairs show opposition even in 
details, and indicate complete reversal of 
phase at dates sharply 23 and 46 yearB 
after 1819. 

I submit that the reversals of phase, 
which at first sight obscure solar perio¬ 
dicities in weather, turn out to be of 
first-rate evidential quality, confirming 
the importance of solar variation as a 
weather factor. It will be clear, how¬ 
ever, that, hampered by these reversals 
of phase, it becomes impossible to deter¬ 
mine with satisfactory neatness the forms 
of the curves representing the effects of 
the longer solar periodicities on weather 
phenomena. For however long a weather 

even WAB torn MACKMUL 6AA€P OH Iftl? 



VEAKS 



MATING AFTER 11 YEARS IK THE FULL CURVES, 
INDICATING DOUBLE CYCLE OF 40 YEARS GOVERN¬ 
ING DROUGHT CONDITIONS. 

record is available, it is broken up, as the 
11-month and 21-month curves of Fig. 7 
show, into successive intervals when the 
solar influence combined with terrestrial 
complexity produced different forms of 
curves representing weather periodici¬ 
ties. This is not fatal to getting good 
results for shorter periodicities, but 
leaves us very much embarrassed as re¬ 
gards the longer ones. We lack sufficient 
repetitions to eliminate accidental and 
short periodical features from them. 
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Fi<k 13. The 23-year cycle in the precipitation op Peoria, III. Years 1934, 1935 and 1936 predicted from previous data, and 
expressed by the dotted curve. Corresponding features in the several curves are marked by corresponding letters. 
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Dotted curves ake forecasts. Grades of 

RESULTS: A, EXCELLENT; B, FAIR; C, HALF AND 
HALF; D, BAD. LEFT, TEMPERATURE; RIGHT, 
PRECIPITATION. 

With these introductory remarks I 
refer to Fig. 9, which shows samples of 
all weather periodicities found, but 
scattered to represent six stations in dif¬ 
ferent parts of the world, sometimes 
relating to temperature and sometimes to 
precipitation in the departures from 
normal weather investigated. Scales of 
ordinates are annexed for each group of 
curves. For the shorter periods, two 
determinations for each 23 years are 
given, but for periodicities of 34 months 
and over, only one. Successive 23-year 
intervals are distinguished by using 
alternately full and dotted lines. In 
order to save space, the successive curves 


representing the longer periodicities are 
drawn closer together by inverting those 
so designated in the legends. There are 
so many curves shown in Fig. 9 that they 
may prove bewildering. But I believe 
the profound changes of form, even 
amounting to inversions, at intervals of 
23 years, are so marked that the reader 
will not overlook them. See, for in¬ 
stance, the 11-month periodicity of 
Copenhagen temperatures, the 68-month 
periodicity in Adelaide precipitation 
and, strangely enough, as many readers 
may think, the 12-month periodicity in 
Berlin temperatures. Everybody would 
be prepared to find a 12-month peri¬ 
odicity, but who would anticipate that its 
form would change regularly at 23-year 
intervals 1 

We now turn from this branch of the 
investigation to see how plainly the 23- 
year cycle and the double cycle of 46 
years show themselves in some phenom¬ 
ena which depend on weather. In view 
of what has been explained we are not 
to expect sweeping curves of 23-years’ 
interval. Rather, as the subordinate 
periodicities which the sun’s radiation 
contains impress themselves on weather, 
numerous features will occur, as the 
crests and troughs of the periodic solar 
influences reinforce one another. Owing, 
however, to the irregularity of behavior 
of the different periodicities as regards 
reversal and gross changes of form (see 
Figs. 7 and 8), the features will some¬ 
times be altered or obliterated or 
changed somewhat in phase. 

Fig. 10 is obtained from data on the 
widths of tree rings in California, as 
measured by Douglass in five groups cov¬ 
ering the years 1829 to 1920. Many 
details are seen to repeat themselves in 
all cycles. 

Fig. 11 is a comparison of the 23-year 
cycles in the catch of cod and mackerel, 
1812 to 1931. The values are averaged 
in alternate 23-year cycles, so as to bring 
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out the 46-year double cycle, if present. 
But it is not very conspicuous. I would 
therefore draw attention only to the 
heavy mean lines, which seem to show 
that, either directly or through altering 
the plankton food supply, these two 
species of fish go through somewhat simi¬ 
lar cycles of abundance. The phases 
occur 2 years later for the cod than for 
the mackerel. For details of this fish 
study the reader is referred to the pub¬ 
lication above cited. 

Fig. 12 shows how marked is the 46- 
year double cycle in the levels of Lakes 
Huron and Erie. It is clear that the dry 
years since 1930 in the Northwest had 
their prototypes 46 and 92 years earlier. 

Fig 13 shows the 5-year consecutively 
smoothed precipitation of Peoria, Illi¬ 
nois, arranged in cycles of 23 years. 
Certain features are indicated by letters 
above the several curves. As remarked 
above, these features change somewhat in 
form and phase from cycle to cycle, and 
yet, I think, remain recognizable. Based 
on this belief, I ventured to produce on 
the lowest curve a continuation, which 
is, in effect, a forecast for 1934, 1935 and 
1936. The year 1934 having elapsed, I 
have compared the event with the predic¬ 
tion, and when April, 1936, comes, so 
that 5-month consecutive means may be 
computed, I will do so for 1935. 4 Of 

4 This comparison has been made. It is fairly 
successful for precipitation, but lees so for tem¬ 
perature. 


1934, I may merely remark that the pre¬ 
diction for Peoria precipitation falls in 
the class called “excellent” in the suc¬ 
ceeding paragraph, as illustrated for 
Chicago in Fig. 14. 

In Fig. 14,1 show four types of agree¬ 
ment which represent the outcome of 
comparisons of forecasts for 1934 with 
the events. Curves on the left are for 
temperatures, and those on the right are 
for precipitations. The numbers of sta¬ 
tions where predictions fell in the several 
classes are as follows: 


Type 

Excel¬ 

lent 

Fair 

Half 

good 

Bad 

Total 

Temperature .... 
Precipitation ... 
Total numbers .. 
Per cent, of total 

7 

11 

18 

27 

17 

11 

28 

42 

3 

8 

11 

17 

4 

6 

0 

14 

31 

3fi 

66 

100 


The experiment is of course so new 
and startling that I have not felt war¬ 
ranted in disclosing the individual fore¬ 
casts until several years of testing shall 
have elapsed. As stated above, the ir¬ 
regular reversals and changes of form in 
the constituent periodicities must ever 
render such forecasts based on the 23- 
year cycle subject to error in phase and 
amplitude. These may indeed prove to 
detract ruinously from their value unless 
it may prove possible to forecast re¬ 
versals and form changes of all constitu¬ 
ent periodicities. But of the thesis that 
the sun’s variation is an important 
weather factor, hitherto generally un¬ 
recognized, I, for one, have no doubt. 
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In respect to other things there may be times 
of darkness and times of light; there may be 
risings, decadences, and revivals. In science 
there is only progress. . . . What is gained by 
scientific inquiry is gained forever; it may be 
added to, it may seem to be covered up, but it 
can never be taken away .—Sir Michael Foster. 

Thebe have been rather numerous in¬ 
dications in recent years that the con¬ 
tributions of science, or better, of the 
scientific method, to modern life are not 
appreciated in many quarters. In this 
essay it will be shown that the method of 
science is not a modernized version of the 
mystical black arts of other times or 
places, but that it is actually a very 
ancient and socially secure method of 
achieving progress that has rather re¬ 
cently been taken over, perfected and 
named by science. 

Not only have the contributions of 
science not been appreciated, but some 
have said that the dilemma in which the 
world finds itself to-day should frankly 
be blamed on science. These would have 
us believe that science has destroyed our 
religion, and therefore our ethics, by 
casting doubt on the literal accuracy of 
the story of creation as given in Genesis, 
and all that is linked with the idea of 
the literal accuracy of all statements in 
the Bible and by conquering our mate¬ 
rial and energy environment so far as to 
greatly displace human labor with ma¬ 
chines and thereby creating technologi¬ 
cal unemployment. These charges would 
be serious if true. 

But the bad effects of science, we are 
told, do not stop here. Not only do they 
say that it robs man of his old-time re¬ 
ligion and honest employment for ten to 
fourteen hours a day, but they also say 


that it leads him to see himself as a help¬ 
less unit in a social order that deals with 
him in a statistical manner. So many of 
him are to be rich, so many comfortable, 
but too many shall perish, and this holds 
for spiritual as well as intellectual and 
material riches. All this is said to be 
controlled by the blind forces of inevi¬ 
table laws of nature. The angry but 
approachable God of old, who punished 
his sinful subjects, is replaced by the 
impersonal operations of a cold statisti¬ 
cal law. Moreover, the blind forces of 
the society in which we live are said to 
be the outcome or summation of other 
blind forces that control our own being. 
Thus, the will of man is not free, but is 
under the control of blind neurological 
and hormonal forces, or drives. How 
can a man behave himself when his hor¬ 
mones are tormenting him! Can he by 
taking thought change the quantity of 
these! Are they not in turn actuated 
by more primitive but even more blind 
drives! Finally, we come to the scale of 
molecules and atoms and these in turn 
are helpless in the blind fields of energy 
that fill the universe. It is the helpless¬ 
ness of these that is built up into a help¬ 
lessness of the nth degree in society as a 
whole. As long as man was ignorant of 
the kind of a world he lives in, life was 
tolerable, because self-deceptions could 
be sustained, but now that the false 
facade has been removed by science, 
nothing of any beauty or value remains. 

At our first sight of this hell on earth, 
we rebel in disbelief or else yield and 
flow along with the tide. But we shortly 
discover that neither response is satisfy¬ 
ing. The disbeliever, who is attempting 
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to swim against the current, controls his 
desperate efforts and floats from time to 
time, and discovers that there seems to 
be direction to his floating movement. 
The yielder finds himself attempting to 
stem the tide at times because he appears 
to be getting nowhere by passive accep¬ 
tance. It seems that we are so consti¬ 
tuted as neither to be able to yield pas¬ 
sively to the universe in which we live 
nor to stem its relentless flow. But even 
in this alternation of states we are not 
free. In the evening of the day or of 
life, the tendency to float is greater. In 
the morning of the day or of life, the 
tendency to swim against the current is 
greater. So here again a closer view 
shows this alternation of states itself to 
be under the influence of another set of 
inevitable drives. 

For those who dwell on a picture of 
life as thus briefly and incompletely 
sketched, the whole idea that man can 
permanently emerge from his present 
Btate through any efforts of his own is 
considered to be highly improbable, if 
not impossible. Statistically, it is pro¬ 
vided that a few individuals shall 
emerge, but only temporarily. They can 
not carry the mass along. They are said 
to be lie bright meteors in the dark 
night, and the darkness following their 
extinction is worse than it was before. 
These few can control their spirits, or 
love their neighbors, or control their 
lusts, or see a higher destiny for man, 
but only for a few years or a life-time. 
After that things fall back to the dead 
level again. To believe differently, they 
would say, is to be deluded, to forget the 
rational implications of man’s origin, his 
nature and his existence. Moreover, 
they remind us, man’s powers at their 
best are still finite in an infinite universe, 
and the duration of his life but the tick 
of a watch in an eternity of time. 

All the above and a great deal more is 
not to be directly or completely disputed, 


but is it not possible that the picture sug¬ 
gested is a partial or foreshortened one! 

However, if we are to dispute implica¬ 
tions of the sort considered above, we 
must broaden our approach. For some 
of us this is easy. For these the answer 
is intuitively given, and in some impor¬ 
tant respects ultra-rational or supra- 
rational. A few, whose spirits respond 
fully and clearly to great music or 
poetry, may even smile at the necessity 
of making a laborious answer, or even at 
giving serious consideration to such a 
view-point. To these we freely admit 
that our rationalistic and materialistic 
preoccupations may have changed us, 
but we must also insist that these preoc¬ 
cupations were our task. These achieve¬ 
ments in science, that now appear in a 
disturbing form, have come from the 
execution of what seemed to be tasks 
assigned to our time and to our genera¬ 
tion. It seems to many of us that we 
were obliged to do these things; they 
were our calling in life. But now in the 
cool of the evening after a period of 
achievement, we must be permitted to see 
what we can say to clarify this partial or 
foreshortened view of the fruits of our 
labors. As yet we can not see ourselves 
as Samsons, who have been pulling down 
the pillars of our own world, and in 
doing so, inadvertently accomplishing 
our own suicide. 

In this case the historical view is the 
one that we can best adopt. Science as 
we know it to-day is the ripening fruit 
of a long period of growth and prepara¬ 
tion. The pessimistic view that we have 
attempted to represent would lead us to 
believe that man himself can not achieve 
permanent progress. Whatever basis for 
this view may exist in some directions, it 
is not true in the field of medicine, for 
instance. Here we surely have obtained 
progress and improvement. The life of 
man has been bettered, at least so far as 
its comforts and duration are concerned. 
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This has come from stemming the tide, 
from opposing the flow of the infinite 
and inevitable forces of destruction in¬ 
herent in man's own constitution and in 
the world around him. 

My disconsolate friend may object and 
say that tins, too, is under the control of 
immutable law. We shall not argue the 
point, because we, too, believe that it is. 
However, the law that we have in mind 
is different in that it permits of change. 
This law works in such a way that if one 
generation of men can contrive to pass 
on to another generation the arts that it 
has inherited and invented, that genera¬ 
tion can use these heritages as a basis or 
springboard for new developments. This 
law is also unique in another respect, and 
that is that man seems to be the only liv¬ 
ing creature that has become the bene¬ 
ficiary of it, within the range of con¬ 
sciousness. Most of the processes taking 
place in a man, below the level of con¬ 
sciousness, are a heritage from ancestors, 
passed on to him by a process of inheri¬ 
tance below the level of consciousness. 
But these arts that we speak of are car¬ 
ried on in consciousness. Man may ac¬ 
cept and pursue them or refrain from 
doing so, at a price. Man is thus seen to 
be subject to two kinds of inheritance: 
the one kind, that he has in common with 
all other creatures, is, comparatively 
speaking, not under conscious control, 
and is the more primitive of the two; the 
other is in some respects under conscious 
control, and in this man has more free¬ 
dom. By this I mean that a man in 
mating can not say just which of the 
qualities that he and his mate can trans¬ 
mit shall appear in the child that is to 
be born, but that the child that is born 
can in some important degree determine 
whether a strong linguistic or mathe¬ 
matical bent shall be expressed and 
developed, if at all, in one way or 
another. 

Considered from this standpoint, the 


whole known history of man is the record 
of his attitude toward this law. The 
oldest known culture of the Stone Age 
man, for instance, was transmitted in 
this way. The only method of transmis¬ 
sion was imitation. Stone age boys 
played with implements of their own 
manufacture, as much like those of Stone 
Age fathers as possible. The continuity 
of Stone Age culture depended on a 
continuity of education by example. 
The development and improvement of 
language helped in this transmission 
because the example could be accom¬ 
panied by an oral commentary, and so 
technical education was bom. Although 
the process was thus improved, the 
effective transfer still depended on the 
reception of these cultural heritages by 
suitable pupils, as transmitted by suit¬ 
able teachers. Any break in this flow 
caused a break in the continuity of the 
culture. Eventually, greater continuity 
was achieved in Egypt and some other 
places by the invention of writing, and 
so some of the records were reduced to 
a more impersonal and permanent form. 
Moreover, these ancient people became 
so enthusiastic about the new methods of 
preserving their records that they often 
literally covered their public buildings 
with them. They had found a way to a 
new kind of immortality, and at the same 
time an escape from one of the hazards 
of history—the break in the flow of 
pupils and teachers. 

But the process of keeping such rec¬ 
ords was laborious. Stones were heavy 
and hard to cut; clay tablets were awk¬ 
ward if too numerous and easily mislaid; 
paper was scarce and perishable. There 
was a struggle among these materials 
and the verdict went to paper and ink. 
Because of its perishability, preservation 
now depended on preserving and recopy¬ 
ing the frayed copy. For this labor 
much leisure and a certain amount of 
wealth to defray the costs were required. 
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Too often these were not available, and 
the pressures of other interests relegated 
these books to closets and attics, where 
they no doubt frequently became nest¬ 
building material for contemporary 
mice, as happens so often to our own lit¬ 
erary heritages. 

However, with the invention of print¬ 
ing, the number of books could be 
greatly increased. Likewise, the stand¬ 
ard of wealth required to possess books 
was thus reduced. Moreover, books 
could be written and printed in the ver¬ 
nacular, and so we find the books of 
Martin Luther the “best sellers,” in the 
first century of the printing press in 
Germany, find them read by many 
peasants, and find them translated and 
circulated in other countries Not only 
had the continuity of transmission been 
improved, but the stream of knowledge 
was now greatly broadened and deep¬ 
ened, and for propaganda purposes the 
written word could now replace the 
spoken word. Men suitably placed spent 
years in study and thought and recorded 
their progress in books that were given 
to the printer instead of to the copyist 
So it was in the sixteenth century. 

In the seventeenth century in England 
a group of thinkers and experimenters, 
who appear to have called themselves the 
“Invisible College,” hit upon the idea of 
recording in writing, and then in print, 
individual steps in advance in their indi¬ 
vidual fields of interest, and of publish¬ 
ing this material as the Proceedings of 
their society, which by this time was 
called the Royal Society. In some other 
countries the same or a similar idea was 
worked out about the same time. Thus 
the modern so-called scientific paper 
came into existence. 

This was a clever utilization of an 
opportunity by which the lag in the 
transmission of knowledge and ideas 
from one receptive mind to the other 
was diminished. Moreover, vast amounts 


of time could now be saved by the 
diminution of the duplication of effort. 
Moreover, missing facts and ideas could 
be obtained from the perusal of these 
progress reports, which we call scientific 
papers. 

Of course, all these developments ac¬ 
celerated progress, but it must not be 
thought that these were the most impor¬ 
tant factors in the progress itself. They 
were essentially outward expressions of 
a corresponding inward change in man 
himself. This change was essentially 
merely an improvement in the utilization 
of his mind, in wrestling with his own 
limitations and the forces of the world 
in which he lived. He had somehow 
obtained an excellent brain and now lie 
was learning to use it. He had not only 
learned how to save and transmit his arts 
and crafts from one generation to the 
other, but he had learned how to spread 
the benefits over much of the population, 
i.e., had democratized them. Whereas 
before these higher cults had of necessity 
been reserved to the privileged few, they 
were now accessible to the many. Al¬ 
though the aristocracy of learning was 
breaking down, the world as a whole was 
richer for it. 

Even so, this highly perfected tech¬ 
nique for maintaining the continuity of 
transmission of culture, and for spread¬ 
ing the opportunity of achieving a 
knowledge of the heritage of the past, 
sometimes failed to function, or in any 
case breaks in the continuity occurred. 
Nearly every one knows such instances, 
and they must have been more numerous 
in antiquity. Just one instance of this 
sort may be cited as an illustration. The 
early members of the Royal Society, and 
Robert Boyle especially, worked with 
the gas oxygen in such an intimate way 
that it seems incomprehensible that they 
should not have discovered it, and yet its 
discovery was delayed 100 years longer. 
It is true that its eventual discovery 
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arose from the continuing influence of 
the writings of Boyle on the develop¬ 
ment of chemistry, but it did not come 
directly out of these early experiments 
on combustion and respiration, as it 
seems that it should have. Such breaks 
in the continuity of transmission and 
therefore of progress still occur too fre¬ 
quently. 

Our digression to this subject of the 
transmission of cultural achievements 
was made in order to show by a simple 
example how man has learned to capture, 
preserve and transmit experience. Our 
digression showed us that he has done 
this by adding the inventions of new gen¬ 
erations to the achievements of his an¬ 
cestors. We traced the process far 
enough in the field of communication to 
see how these arts have continued to 
grow and develop. At each stage the 
received knowledge was sifted, sorted, 
edited and organized for the new age. 
This reworking naturally led to the dis¬ 
covery of lacunae and opportunities for 
improvements. By the investment of 
great pains and patience man learned 
how in some respects to stem the tide of 
the infinite and inevitable extinction of 
separate and individual achievements. 
The life of an individual could now be 
more than merely the biological trans¬ 
mission of life to a new generation. By 
this method man as a race could lift him¬ 
self to heights of mastery over his envi¬ 
ronment, that are high above anything 
that the average man as an individual 
could achieve by his own strength in his 
own lifetime. 

In this connection it is interesting to 
note that man has developed institu¬ 
tions as fast as needed, whose special 
purpose is the preservation and trans¬ 
mission of this inherited and newly ac¬ 
quired knowledge and skilL Among the 
most important of these are the schools 
of all degrees. How well or how badly 
these institutions have fulfilled their 


function at various times and in various 
directions is not to be considered here: 
they are the most effective device that 
society has as yet contrived for this 
purpose. 

This, then, as we have seen above, is 
the method of science: the sifting, sort¬ 
ing, editing, organizing and appraising 
of the cultural heritage by which simpli¬ 
fication and clarification is achieved and 
at the same time inaccuracies and imper¬ 
fections are revealed. This method pro¬ 
vides work for every sort and degree of 
worker, including the gifted and lumi¬ 
nary genius. The scientific method is, 
therefore, a democratic process, as dis¬ 
tinguished from the more purely intui¬ 
tive method of the isolated genius, who 
gains his following by the force of his 
own personality and intellect, i.e., by his 
genuine aristocracy. The latter method 
depended on the power of a personality 
and the enduring loyalty of disciples. 
It has given the world great things in 
many times and places, but almost as 
many great things have been lost or cor¬ 
rupted because of the failings of disci¬ 
ples who lacked the genius and insight of 
the initiator. There can be no question 
that from the standpoint of individual 
achievement the latter method has fur¬ 
nished very great examples, perhaps 
greater than the former, but the rich 
fruits of modern science have been 
largely gained by the aid of similar 
giants working within the boundaries of 
the scientific method. We need to men¬ 
tion only Copernicus, Newton and Dar¬ 
win as examples; men of outstanding 
beauty of character and democracy of 
spirit. 

Of course, it may be objected that this 
accretional process is not the method of 
science. Such considerations are based 
on the idea that this method was created 
within the field of science, for its own 
special purposes, as a program for the 
conquest of our material and energy 



SCIENTIFIC METHOD IN DEMOCRACY 


127 


environment. It is true that it did be¬ 
come this eventually in the days of Gali¬ 
leo or thereabouts and that the idea in 
this form then rapidly spread from the 
field of physics to that of physiology, 
chemistry, etc., but it had had a long his¬ 
tory before Galileo. 

The method of science in this modem 
form is the purposeful marriage of 
skilled hands and skilled minds, and this 
marriage had been consummated even in 
antiquity. The great civilization of 
Babylon seems to have been the fruit of 
a great technology of hydraulic engi¬ 
neering and irrigation. That of Egypt 
was achieved in geographic isolation be¬ 
cause of the opportunity presented by 
the Nile valley. Imhotep was grand 
vizier, high priest, chief physician and 
chief architect of King Zoser. He it was 
who designed and built the first great 
pyramid. Here we have technical and 
theoretical skill of the highest degree 
combined in the same individual, and it 
is no accident of history that through 
Greek contacts he has been preserved to 
us as one of the two traditional semi¬ 
deities of medicine. The Greeks, how¬ 
ever, for some reason did not take over 
this practical aspect of Egyptian culture 
so fully. They therefore did not prop¬ 
erly appreciate their own Archimedes, 
who was no doubt their greatest scientist. 
This aspect of science faded out still 
more as Greek culture was transmitted 
to Rome. 

In fact, it seems to have been sepa¬ 
rated gradually into philosophy on the 
one hand and the crafts on the other, 
although there undoubtedly were always 
some men who represented both. Thus 
we see Leonardo da Vinci looming up as 
a master craftsman and as a prophetic 
scientist in an age when Galileo and his 
discoveries were still undreamed of. 

The above is enough to indicate that 
the method of modem science is really 
merely the adaptation of an ancient 


method to a limited set of problems that 
come within the boundaries of what is 
traditionally called science and that the 
method does not suffer from the limita¬ 
tions imposed upon it by that terminol¬ 
ogy, either in its history or in its possible 
applications to other problems in our 
day. 

In order to see more clearly how pow¬ 
erful this method of patient and painful 
accretion is, let us go back about a hun¬ 
dred years in the history of medicine. 
At this time medicine had enjoyed a 
series of great triumphs. It had early in 
the sixteenth century broken the bonds 
of classical tradition and studied anat¬ 
omy for itself. It had incorporated with 
itself, in the time of Harvey, the dynamic 
conceptions of physics and in this way 
made its anatomy over into physiology. 
It had become dissatisfied with tradi¬ 
tional therapy and through Paracelsus 
filed a protest, which later gave rise to 
chemistry, and eventually all the riches 
that this approach has given to medicine. 
The microscope even in its crude form 
was taken over by medicine and was 
developed into a powerful tool. 

At this time, namely, a century ago, 
medicine was fresh from such great 
advances, and in the midst of developing 
new ones. A naive questioner at this 
time might have asked whether, in view 
of all these things, the great scourges of 
man—typhus, typhoid and yellow fevers, 
smallpox, bubonic plague, diphtheria 
and the horrors of famine, for instance— 
could ever be controlled. Even the most 
optimistic would have hesitated to say 
that these and the rest could be placed 
under control in a hundred years. More 
likely he would have fallen back on pious 
statements and have declared that these 
and other calamities pursue man because 
of hiB sinful ways, and could only be 
removed in so short a time by divine 
intervention on behalf of a better race 
of men. 
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But the hundred years have passed, 
and we may look at the picture. The 
microscope gave unbelievable advances; 
the cell doctrine came out of it, and all 
that it led to. In short, an overwhelm¬ 
ing advance in many directions ensued. 
The new chemistry grew and gave 
undreamed-of knowledge to medicine— 
an advance as great or greater than that 
achieved by the microscope. Continual 
reappraisal of values and concepts oc¬ 
curred all along the line. All the 
scourges named and a good many others 
were conquered. An infinity of knowl¬ 
edge of overwhelming bulk had been 
gained and mastered, sorted and organ¬ 
ised, by adding together the labors of a 
few fruitful and inspired hours of a 
number of gifted workers, and the 
routine toil of thousands of less gifted 
workers, in the temple of knowledge. 

There is, however, another rather as¬ 
tounding aspect to this story of medical 
advance, and that is that once it had been 
learned how to control these scourges, 
the benefits were to be applied to all the 
members of the population. Here it was 
realized that the privileged and enlight¬ 
ened members of society could only en¬ 
joy security as long as they successfully 
spread the benefits of their privileges 
and enlightenment over the entire social 
group. Thus it was realized that 
security lay in democracy and was to be 
obtained in no other way. It is true that 
the wealthy aristocrat could isolate him¬ 
self and obtain moderate security, but 
complete security could only be obtained 
by spreading the benefits of the new con¬ 
quests to the entire group. The history 
of this side of the question and the im¬ 
plications to be derived from it would 
require a volume. 

There is a story in the Old Testament 
that Jacob “wrestled with the Lord,” 
and we wonder what he wrestled about, 
and to what effect. The above story 
recorded in so brief a way is an account 


of a modern wrestling with the Lord, to 
good effect. We have Semi how with time 
the wrestling has unproved and the score 
on the side of man is mounting day by 
day. 

If we may now return to our introduc¬ 
tion, the statements made there appear 
in a new light. All the controls and 
limitations of action visualized there 
exist, and yet man has found a way of 
circumventing them. He has found a 
way of escaping the limitations set by the 
shortness of his life, the feebleness of his 
strength, the smallness of his mind and 
the brevity of his memory. These limi¬ 
tations appear to be “rules of the game” 
and there is nothing to be gained by 
lamenting them. Since the rules as laid 
down for man’s biological existence can 
not be changed, he has circumvented 
them. He has escaped by subdividing 
the job, i.e., by specialization of a sort 
and by perfecting a technique for record¬ 
ing and transmitting experience. With 
these two tricks he has gone far toward 
changing his life on earth. He has not 
changed the mode of entry and of exit— 
these are parts of the lamentable rules, 
so far as we know as yet—but he has 
greatly changed the conditions of his 
existence. 

Now we used the above example from 
the history of medicine with a purpose. 
Man has really done better in this direc¬ 
tion than in any other in developing an 
organized social technique for escaping 
the implications of his own limitations. 
The results obtained represented the 
synthesis of many contributing factors 
from a variety of view-points in the 
minds of men, that could control their 
fears of the unknown and by cool mas¬ 
tery of the facts bring order and safety 
out of a chaos of fear. Medical men are 
eventually made of the same stuff as the 
rest of us, and so the lesson is dear. If 
by taking thought these men could have 
done these great things with their own 
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puny hands and their own infinitesimal 
brains, we can by the same process and 
equipment get other results that we 
want, when we want them long enough 
and consistently enough to heap up the 
strivings of hundreds of thousands of 
men, into one great heap for the accom¬ 
plishment of our goal. The story that we 
have viewed shows us that by this same 
scientific method we can learn to love 
our neighbors, control our lusts and 
learn to look up to our destiny instead 
of down to our animal origin. 

The game of life is played according 
to very strict rules, only part of which 
are known to the players, and which 
greatly limit play. However, it must be 
remembered that rules of play promote 
skill and resourcefulness. Moreover, 
this capacity for skill and resourceful¬ 
ness is just as much a part of our innate 
constitution as the attributes upon 
which our disconsolate friend has al¬ 
lowed himself to dwell. 

Considered in this way, then, the scien¬ 
tific method is a safe and powerful proc¬ 
ess in democracy. It is safe because it is 
a process for overcoming ignorance and 


error and because it has provided itself 
with a continuity of transmission of 
achievements. It is powerful because it 
has contrived a way to organize and 
unify the individual strivings of genera¬ 
tion after generation of men toward the 
attainment of a set goal. 

If, as has been suggested by some, man 
were to discard this creation of his own 
spirit, he would be discarding the great¬ 
est thing that he has made. Of course, 
it is clear that a method so powerful for 
good may be badly used. Man, at his 
best, even in the use of this method is a 
blunderer. He learns as much or more 
by his failures as by his successes. No 
doubt we will need to retrace our steps 
in lome directions and to strike out in 
new paths. But the permanent and en¬ 
during successes will be obtained by this 
method. In the meantime, while these 
mills of God grind their grist, we must 
accept such vision and select such leader¬ 
ship as seems best suited to the time and 
occasion, and we shall not know to the 
point of certainty, until the grist has 
been ground, whether we chose wisely or 
foolishly. 
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ATMatadi (November 12) the Belgian the country as a whole is a flat coastal 
customs officials refunded the greater plain. To avoid the dangers of surf- 
part of the money deposited on entering landing, long steel piers are built out in 
the Belgian Congo and we went on board some towns, high above even large waves, 
the French steamer L’Amtnque, bound and passengers and goods are hoisted to 
for Bordeaux and due to stop at many and from the tenders which go out to the 
ports on the west coast of Africa. Our ships. In some places the blacks who 
destination was Douala, the port of the propel the small boats jab the water with 
French Cameroon. short paddles that end below in a wide 

Then began a most interesting four- three-lobed shovel and look somewhat 
day trip, first down the long fiord of the like ducks } feet in action One town 
Lower Congo and then northwestward (Port Gentil) exports an enormous 
along the coast, stopping at a number amount of huge logs from the forest up- 
of towns on the way. The deck passen- river, and we were surprised to see here 
gers were mostly a lot of natives from great numbers of fast motor-boats that 
the interior, who were being taken up the run up and down the river, 
coast to work on a government railroad. By no means the least interesting sights 
Their outstanding feature was the top- were the native lady friends of the resi- 
knot on the crown of their shaven heads, dent white men. In wide contrast to 
which they had trained in a variety of these chattering birds of gay plumage 
comical ways, one projecting like a was a French lady, a bona-fide passenger 
curved horn, another like a crown, a third on our steamer. Although somewhat 
like a branched horn, etc. When these short, her features were statuesque, even 
men were disembarked they were picked commanding, and from her flashing eye 
up, eight or ten at a time, in a great rope gleamed instant wit, high courage and 
net with their wives and baggage, swung keen intelligence. Somehow she seemed 
over the side of the vessel and lowered to belong in a scene of the storming of 
into a large open boat. As the sea was the Bastille. 

rather rough, there were some curious After a pleasant four-day trip along 
scenes as each succeeding net-ful of the coast we were transferred to a 
people was dumped down on top of the smaller boat that took us up the long 
earlier ones; but the whole operation was estuary to Douala, the seaport of the 
quickly and skilfully done and no one French Cameroon. Meanwhile we had 
lost his good humor. passed the mountain on the island of Fer- 

None of the various towns at which we nando Po, with its summit wrapped in 
stopped along the coast has a good har- rain clouds. Here an enormous amount 
bor, and passengers and cargo have to be of rain falls during the rainy season, 
transferred to small boats. There is a According to official reports, in 1913 at 
heavy surf on the wide sloping beach, and ninety-eight stations in this district a 
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—Sketches from the Author* Notebook 
ASSORTED TOP-KNOTS 


rainfall of no less than eleven meters (35 
feet, 9 inches) was revealed for that year. 
At Douala in 1912 the rainfall reached 
4.625 m. (about 15 feet) in two hundred 
and four days of rain, but this may have 
been an exceptionally high record The 
rainfall is much less in the interior For¬ 
tunately we arrived m Douala (Novem¬ 
ber 7) near the end of the rainy season 
and by the time we reached Yaounde in 
the interior we had dry weather most of 
the time. 

Douala is quite a flourishing city, with 
a gay social life. The fashionable hotel 
is apparently an affair of cardboard and 
plaster, with leaky roof and little or no 
water in the faucets. It has a motion 
picture annex in which one can see 
American films five years old The 
streets swarm with native Africans of 
assorted mixtures, among whom, if we 
had but known how to distinguish them, 
We might have recognized occasional rep¬ 
resentatives of the redoubtable Fans and 
other invaders from the north, who in 


times past stewed and ate the peaceful 
Bantus of the forest. 

The city has fine city parks teeming 
with African trees and fruit-bats From 
the high plaza opposite the harbor one 
sees the towering Mt. Cameroon, 13,500 
feet high, and on one side low flats upon 
which mud-skippers ( Penophtbalmus) 
may be found among the mangroves. 
The fish fauna in the market is chiefly 
marine, but in a brook near the market 
boys were catching snake-headed fish 
(Ophiocephalus), in which the head and 
the color-pattern are strongly suggestive 
of a snake 

From Douala we went by rail to 
Yaounde, a day’s journey eastward, to 
the seat of the Governor-General, M. 
Marchand. On this railroad journey we 
found ourselves in the westward exten¬ 
sion of the Congo forest. We went up¬ 
grade into low mountains composed of 
schistose rocks and over an extremely 
high railroad bridge spanning a deep 
valley; this bridge and indeed the rail- 
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road itself had been built by the Germans 
during their occupation of the territory 
before the world war. The building of 
such railroads in tropical Africa has fre¬ 
quently cost heavily in terms of the lives 
of the Negro laborers, who, after being 
brought from long distances in practical 
slavery, have been crowded together 
along the narrow track and have been 
weakened by forced labor, insufficient 
food and extremely insanitary con¬ 
ditions, so that they proved to be easy 
prey to contagious diseases and epi¬ 
demics. 

A section of the road had recently been 
washed out by the heavy rains and we 
had to get out and walk over a long 


stretch of mud and sharp rocks for per¬ 
haps a fifth of a mile to reach a waiting 
train in front of us. All our luggage had 
to be carried on the heads of porters, and 
we appreciated the courtesy of the rail¬ 
road officials, who had allowed us to ship 
our baggage over the road in spite of the 
interruption of service. At another 
break in the road, requiring transfer of 
ourselves and baggage, a slight comic 
relief was afforded by the black train- 
boy, who placed upside down a short 
flight of wooden steps which was intended 
to facilitate our descent from the high 
floor of the baggage car in which we had 
been riding. His mistake was quickly 
noted by the white train conductor, who 



SERPENT-HEADED AFRICAN RIVER FISHES 
Arm Nichols and Griscom, from color drawings by James Chamn. Upper figure: The 
1 ‘ spiny-finned eel 1 f (Mastaeembclus). Middle figure: Snake-head ( Qphwoephalus )♦ Lower 
figure: Polypternn, the 1 ‘ living fossil. • 9 Relatives of Mastacembelue are found in south¬ 
ern Asia; Ophtoeephalus has relatives in India and the Far East, from whence the fresh¬ 
water FISH FAUNA OF AFRICA MAY HAVE BEEN DERIVED; PolypterW , ALONG WITH ITS ELONGATE 

relative Calamotchthys is found only in the Congo Basin and adjacent streams; it may 

RE A DESCENDANT OF ONE OF THE FISHES OF THE TRIASSIO LAKE CONGO. ALL THREE TYRES HAVE 
ACCESSORY BREATHING ORGANS IN ADDITION TO THEIR GILLS. 
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A QUIET GAME OF JACKSTRAWS 

Mission Boys at Yaounde. 



RESIDENCE OF THE HEAD OF THE PRESBYTERIAN MISSION AT YAOUNDE 


kicked the poor black while emitting 
quite a lot of abusive language This 
was in line with the frequent tendency 
of low-class whites to abuse the blacks, 
although the higher officials and the 
government itself tries to protect them 
against this abuse. 

At last we reached Yaounde, ori the 
evening of Armistice Day, November 11, 
1929. There is a fine new hotel building 
here, but it was not yet open and we had 
to go to & restaurant and dance pavilion 
for our supper and lodging. There was 
only one room available and unfortu¬ 


nately just outside our door a full-sized 
military baud in uniform was providing 
the music for the Armistice Day Ball. It 
was interesting to note the absolutely cor¬ 
rect rhythm of these blacks, who were 
playing old-fashioned danee tunes, but 
as the walls of our room were made of 
thin boards the volume of the music was 
terrific, especially as the ball kept up 
until perhaps 3 a.m. There were two 
dancing floors on different levels, the 
upper one for whites and the lower one 
for blacks, the bandstand and our room 
being located between them. Neverthe- 
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THE PLAZA AT OZOUM 


less, we were able to sleep, at least after 
the ball. 

The next day we paid a visit to the 
American Protestant Mission at Yaounde 
and were delighted to receive an invita¬ 
tion from Mrs. Johnston to stay at the 
mission and make it our official head¬ 
quarters during our entire stay in the 
country, The mission includes a fine 
large church in brown or buff-colored 
brick, a number of school buildings and 
a very pleasant residence looking out over 
a valley toward the mountains. Under 
the benign influences of the mission the 
people round about seem to live in peace 
and contentment. Although ordinary 
hymn tunes, as sung in America, are 
sometimes whining and droning carica¬ 


tures of music, those sung by the black 
men at the early morning service at the 
mission were charged with the strange 
magic which Negroes seem almost always 
to impart to vocal music. 

The mountains around Yaounde ap¬ 
pear to be of metamorphic rocks and are 
low but rather steep and hump-like. 

When we paid our official visit to 
secure our hunting permit, Governor- 
General Marchand received us most cour¬ 
teously and after learning the purpose 
of our expedition, granted us a permit 
to secure three gorillas and three chim¬ 
panzees. He also considered very care¬ 
fully with us the relative advantages and 
disadvantages of various localities where 
gorillas were known to be more or less 
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CHIEF MAETIN ATANGANA 


abundant, and he referred us for addi¬ 
tional information to M. Canari and other 
government officials. It was finally de¬ 
cided that we should try first the dis¬ 
trict centering around the village of 
Ozoum, about fifteen miles northwest of 
Yaounde, where gorillas had been re¬ 
ported recently. An official message was 
dispatched to Chief Martin Atangana of 
Ozoum, requesting him to furnish men 
for us and to assist us in every way. Ac¬ 
cordingly, two days later we departed by 
camion in the direction of the village of 
Ozoum, and at a small village where the 
path to Ozoum joined the automobile 


road we left the camion and proceeded 
on foot up the mountain path, under the 
guidance of Chief Martin Atangana, his 
brother and their men. 

Here then we were at last in the inte¬ 
rior of a West African country and 
within the range of the classic gorilla of 
Paul du Chaillu. The rainy season was 
about over and the whole country was 
beautiful, with low humped mountains 
covered with forest or jungle. Most of 
the forest, however, was of the second 
growth type and there had been a great 
deal of cutting, clearing and planting. 
The population seemed very numerous 
and one wondered how there could be 
many gorillas in such a country. The 
people did not differ much in appearance 
from the Bantu peoples we had been 
seeing on the Lower Congo River. The 
villages were essentially similar also, al¬ 
though the houses were now made almost 
exclusively from the oil palms; these 
trees were excessively numerous, border¬ 
ing the automobile roads and dominat¬ 
ing in many other places. 

As we went up the mountain path we 
came into some very beautiful stretches 
of forest with enormous trees, on some of 
which the leaves had turned red. Ex¬ 
cept in these small patches of forest, 
which were rapidly being cut down, vil¬ 
lages of low huts straggled along the path 
all the way of our hour’s walk from the 
automobile road up to the village of 
Ozoum. There was very little to be seen 
in the way of either household goods or 
live stock. The women were probably 
out working in the “gardens,” which 
looked like jungle to us. The hard mud 
on the paths, by alternate wetting and 
drying, had taken on a polygonal pattern 
somewhat suggestive of basalt columns 
but on a minute scale. 

When we arrived at Ozoum, Chief 
Martin Atangana conducted us to his 
very comfortable house and placed at our 
disposal two large rooms for our dining 
room and bedroom. Our three new boys, 
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whom we had engaged at the mission in 
Yaounde, soon proved their ability by 
setting up our cots, unrolling our bed¬ 
rolls. and quickly getting lunch. The 
chief’s house was at one end of the rec¬ 



tangular village plaza, opposite the Cath¬ 
olic church at the other end. The houses 
of the leading citizens were on either side 
of the plaza and behind the houses were 
“gardens,” chiefly of banana plants. 
Low hump-like mountains were to the 
northwest and the forest to the southeast. 

McGregor and I remained at Chief 
Martin’s house for several weeks, while 
he and his men accompanied Raven in the 
hunts for gorillas. There were several 
bands within ten miles of Ozoum, and 
Raven and his black assistants pursued 
them with the greatest persistence for 
many days at a time and through very 
rough, mountainous country. At night 
they would stop at some native village, 
Raven’s boys setting up his cot and un¬ 
rolling his bed-roll in the house of the 
chief. At times Raven would send back 
a messenger to get something from us at 
the base camp; and twice he came back 
himself to rest for a day before starting 
out in another direction. 

He found that the roving bands of 
gorillas were highly elusive and almost 
impossible to overtake. At one place 
they had raided a banana plantation, 
tearing down the banana plants and 
breaking the stout stems to get at the 
pith. He arrived at this place early in 
the morning, less than an hour after the 
gorillas had been there, but after follow¬ 
ing the band the whole day, up hill and 
down dale, he had not overtaken them 
at sundown. At one place the natives 
had caught a young gorilla in a snare 
set for a wild pig. They heard the 
screams of the young animal and hast¬ 
ened down there with their spears. 
When they arrived they found the 
“father,” as they said, trying to pull 
the young one out of the snare; but the 
adult became frightened by the uproar 
of the natives and went off, abandoning 
the little one to its fate. The natives 
cut off its head and hands with their 
machetes and just before Raven arrived 
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had killed it. Raven told them that if 
they had kept the young one alive, they 
might have sold it for a thousand francs. 
He brought back the head of this speci¬ 
men and preserved it for our collection. 

The native chiefs were willing to 
undertake a grand drive and slaughter of 
the gorillas, partly in revenge for the 
damage done to their plantations, but 
Raven of course would not authorize or 
take part in such a procedure. In prepa¬ 
ration for such a drive the natives would 
spread many nets in certain places and 
try to drive the gorillas toward the nets. 
They could then spear and hack the ani¬ 
mals while the unhappy creatures were 
struggling to disentangle themselves 

The eating of men being out of date, 
the natives find the gorilla a good substi¬ 
tute, and a certain “white hunter” in 
Douala told us that lie had often been 
employed by the government to kill ele¬ 
phants and gorillas as food for the blacks 
that work on the railroad. From Raven \s 
experience in this and other places in the 
interior of the French Cameroon, he con¬ 
cluded, however, that perhaps ten times 
as many gorillas are killed by the natives 
themselves as are killed by white men. 

Meanwhile McGregor and I had been 
having a great opportunity to become 
well acquainted with the people of the 
neighborhood, and McGregor secured a 
large series of cinema and still photo¬ 
graphs of them. There we were again 
impressed by the wide range of varia¬ 
bility, both in physical appearance and 
in disposition of our dark-skinned 
friends. Chief Martin Atangana was a 
tall, well-proportioned man, with large 
eyes and a full beard. In general 
beards seemed better developed in this 
region than in the Kivu district, possibly 
owing to admixture of the forest Negro 
atoek with invaders from the north. Like 
many of the older people, Chief Martin 
could remember the time when the Ger¬ 
mans came into the country and he had 
been taught to speak German well in the 
German Catholic schools. He was a sin¬ 
cere and consistent Catholic, not only 



From the Author’* Notebook 
SKETCH OF PETULTS 
The features are probably all somewhat too 

LARGE AND THE C1UN TOO SMALL. 
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reading: a German devotional book aloud 
every day but cooperating with the pres¬ 
ent French priest in maintaining the dis¬ 
cipline of the church in the village. 

Not a few of the men of the village 
were tall, stately and heavily muscled, 
like some of the fishermen at Stanleyville. 
Many had massive skulls with a median 
elevation and a flattened area on either 
side of it (seaphocephalic type). The 
nose was usually very broad at the base 
and there was often a bony bridge above 
the nose and between the eyebrows, The 
mouth was large with protruding lower 
lip and cupid's-bow upper lip. But 
along with these and other conspicuous 
negroid features there was an immense 
range of individual variability. Some 
men, for instance, had more or less mon- 
goloid eyes, with a perfectly developed 
“Mongolian fold” covering the inner 
corner of the eye. Wherever it occurs 
the presence of this feature in adults is 
due to the retention of a character that 
is normal to mankind in general during 
foetal life but which usually disappears 
before birth in whites. The presence of 
this feature m Negroes is probably no 
sign of admixture with mongoloid ele¬ 
ments The face as a whole also varied, 
one man having the grave lineaments of 
a statesman, another the comic face of a 
clown, while a third was just a lethargic 
peasant. 

We did not have the opportunity to 
study the features of nearly so many 
women as men, for the reason that in 
general the women had to work in the 
gardens every day and also fetch the 
water, do the cooking and other house¬ 
hold work (or what there was of it), 
so that the men could absorb the proper 
number of sun-units each day and settle 
the affairs of state in generous palavers 
in front of the chief’s house. 

Our greatest opportunity, however, 
was to become acquainted with the nu¬ 
merous children of the village. The eve¬ 


ning of the day that we arrived the little 
boys began to perform for us on the open 
plaza in front of the chief’s house. Some 
hopped like kangaroos, others did ele¬ 
mentary “turn-verein” stunts, which 
might perhaps be reminiscent of tricks 
taught to their grandfathers by the 
Germans 

A very charming feature of African 
villages in general was that the little boys 
wore permitted to play about in the plaza 
and enjoy themselves without repression 
from their elders. Neither the heathen 
nor the Catholic Negroes showed a sug¬ 
gestion of the dour medieval Puritan 
view-point that children must be lashed 
and bullied into the way of salvation. 
Doubtless the initiation rites of the 
heathen blacks in many districts have 
been horribly cruel, but so far as I could 
see, the young boys and girls in the Kivu 
mountains, in the Congo forest and here 
in the French Cameroon, were free to 
play and frisk about whenever they were 
not in school or carrying the baby. 

We possessed a number of articles that 
soon made our house a center for the 
children of the vicinity. McGregor had 
brought with him a pair of trick spec¬ 
tacles, to which were attached large 
“googly” eyes that would jiggle in a 
comical way when the wearer shook his 
head. All the small boys and a good 
many of the men enjoyed trying these on 
and making the others laugh. Then the 
children never tired of looking through 
our field-gl asses, although most of them 
preferred to look through the wrong end, 
which gave a reduced but very sharp 
image of the boys near by. On dark 
nights we let the children look along and 
above the tube of our flashlights at the 
eyes of the sheep in the plaza. Such de¬ 
lighted “Eeeees!” and “AH KEHs” as 
each one caught the dazzling green flash 
from one pair of eyes after another 1 The 
men and women were just as eager and 
friendly as the children. McGregor 
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—Photograph by J II. McGregor 
THREE LITTLE MAIDS FROM SCHOOL 

NGA UKADS THE LINK. 


would sometimes cut out little paper 
figures of sheep, horses and goats and 
color them with crayons and these were 
much sought after. 

But perhaps the most unfailing amuse¬ 
ment was that of crowding around and 
looking over my shoulder as I struggled 
to record in my notebook a sketch of some 
boy or girl who was sitting more or less 
patiently in front of me. When the on¬ 
lookers got too boisterous I would sud¬ 
denly wheel around and hiss at them in 
a stage whisper, “HushI keep quiet!” at 
the same time raising both hands and 
fluttering them in the manner of an 
orchestra leader trying to signal for a 
pianissimo. This would start much ill- 


suppressed merriment, and several of the 
boys would repeat the gesture, hissing 
“CHIP KYATT” with great emphasis. 
Nevertheless, they knew what was wanted 
and would indeed quiet down and move 
away from my chair—for a few minutes. 
And what an opportunity that would 
have been for a real portrait artist, who 
could have made five portraits while I 
was struggling with one. 

How vividly the individuality of each 
of my sitters impressed itself upon me as 
I strained my eyes and brain to catch his 
elusive personality as his features 
changed faster than the reflections of 
clouds in moving water. There was 
Barucha, a most docile and placid little 
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—Photograph by J. B. McGregor 
A CONTRAST 

Nga is strongly prognathous, while her 

FRIEND HAS A STRAIGHT FACE. OUR HOUSE IS 
SEEN IN THE BACKGROUND. 

savage of pure Negro type. There was 
Detus Ogmba, a broad-faced little rascal 
with dancing eyes. “You gee mee mo- 
nee,” he would say. “I gee you 
CRACK” I would say, hitting my own 
head with my knuckles, a gesture which 
he would imitate with monkey-like 
fidelity. But Detus was full of under¬ 
standing and sympathy. He knew that I 
wanted him to sit still and so would hold 
the pose far longer than any other sitter. 
Then there was Damien Belibi, a 


young nuisance of unbelievable persis¬ 
tence and aggressiveness. His narrow 
nose and small mouth suggested a rich 
endowment from Semitic and Hamitic 
conquerors. If we gave out bananas or 
oranges Damien always wanted all his 
own share and half of as many other 
shares as he could take away from the 
others; they, strange to say, seemed to 
submit to his aggressiveness as if he were 
already a chief, instead of being only a 
relative of the chief. Good little Syl- 
vanus Atangana would hold his baby 
brother by the hour and sit there on the 
piazza arrayed in a great green Cal- 
ladium or perhaps Papaya leaf. He was 
quiet, obedient and smiling, but very in¬ 
attentive ; I gathered that he did not have 
nearly as much brain as the aggressive 
Damien. Utterly different from all the 
others was Aloid Amanana, whom I 
called the “young ascetic” for obvious 
reasons. One might attribute the promi¬ 
nence of his bones to disease, but what 
gave him the narrow nose and delicate 
mouth except perhaps inheritance from 
proud Hamites ? 

Minye Ngama, although the son of the 
old “king,” was a dull, heavy-faced 
child, who inherited his father’s power¬ 
ful clutch on a metal franc. Neverthe¬ 
less, he was one of my best sitters, as he 
was too stolid to flash about like some of 
the other children. 

Some of my friends at home, who 
never saw the originals, were good 
enough to be highly entertained by my 
“portraits”; and such is the magic of 
self-deception that I long felt that I had 
captured the most essential features of 
these elfin faces. Unfortunately, or for¬ 
tunately, I recently saw an actual photo¬ 
graph of these same boys and the effect 
was devastating to my pride; for by miss¬ 
ing certain fundamental proportions of 
the parts, the details which I had so care¬ 
fully noted were out of scale. However, 
I still think that my portrait of Petulis 
conveys a fair idea of his general make- 
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up, and luckily Professor McGregor has 
no photograph of him to destroy the 
illusion. 

After portraying the “king’s son” 
my fame, or the fame of my francs, 
seemed to spread rapidly and I was be¬ 
sieged with prospective adult clients. I 
finally selected two of the most persis¬ 
tent candidates, Petulis, nicknamed the 
“Bonehead,” and Eluna Lumbele, nick¬ 
named the “Jolly Executioner,” because 
he seemed to have been born for such a 
part. Petulis had very kindly tried to 
assist me in posing the models; and the 
fact that he invariably misunderstood 
what I wanted and was far more of a 
nuisance than a help is not set down in 
malice. He made an excellent model 
himself, however, first, because the occu¬ 
pation of earning a franc by merely sit¬ 
ting still appealed to his whole nature; 
secondly, because he was vain enough to 
admire the portrait; and thirdly, because 
his grand mouth and nose, sleepy, half- 
shut eyes and thick-topped skull were 
all salient features that could be recorded 
even by a novice. 

And what a thrill I experienced when 
Eluna Lumbele presented himself for a 
portrait. He lived a little way up the 
road, and once when I walked by he 
hastened out to invite me to notice the 
fine new house he was building. On that 
occasion he wore only a loin cloth and I 
was impressed by his huge athletic 
frame, his small head and super-comic 
face. But to-day he was arrayed in all 
his dear-bought toggery, of which he evi¬ 
dently wanted nothing omitted. By ges¬ 
tures, copious language and broad smiles 
he intimated that I should dismiss my 
small boy model and begin with him. 
Such an opportunity was not to be 
lightly missed, so I quickly paid the boy 
his franc and sat Eluna down on the box 
on the back piazza. But what if the por¬ 
trait should offend his dignity and he 
should start to mop up the would-be 


artist ? It was getting late and I worked 
as I never worked before. Never had I 
seen such a wide nose, nor such an ample 
median bump on the forehead, nor more 
slit-like eyes, nor more decorative tattoo 
marks, nor a more self-satisfied ensemble. 
I did not dare to slight any of the tattoo 
marks on his faoe, as they were his 
heraldic devices, telling the world that he 
was every inch a Yaounde man. At last 
it was too dark to go on, so I got my 
shaving mirror, gave him a good look at 
himself and then held up the nearly 
finished sketch. The bystanders roared 
approval, smiles stretched further his 
broad mouth and his eyes became slits. 
The fee of one franc made him more 



—Photograph by J. H. McGregor 

A YOUNG PRINCESS 
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happy and vain than ever. On the next 
sitting a few days later I corrected and 
finished the sketch (as far as I could). 
Then I suggested that he bring along his 
wife to view the portrait. Serious looks 
and dejected mien. “No got wife. Wife 
cost plenty, plenty francs. No got 
francs.” 

After that he was very assiduous in his 
attentions to me, frequently intimating 
that I should give him another franc and 
apparently hoping that I might even give 
him enough to purchase a wife for his 
new house. But I always laughed at 
him and made gestures signifying that 
he should give me francs for making his 
portrait. 

One of my best sitters was Nga 
Mpuoko, a little girl of perhaps eight or 
nine years, who spent much time about 
our door. She was a remarkable little 
actress and could make the most comical 
faces with her almost ape-like lips. Also 
she gave an impressive imitation of the 
mourners at a funeral. She used to ad¬ 


dress us respectively as macgrigwarr 
and grigwarrSk. 

At night when ajl was still in the vil¬ 
lage, the sheep sometimes crowded up on 
our porch and wagged their tails so vig¬ 
orously that our walls would shake. 
Large hairy spiders dwelt above the door 
and with a flashlight one could see the 
green gleam in their eyes. But we were 
secure under our tightly tucked-in mos¬ 
quito netting and as long as the spiders 
seemed to be minding their own business 
we chose not to bother them. As to 
driver ants, the broad village plaza, 
picked clean of every blade, discouraged 
their invasions, although we once saw 
them streaming through a hut along the 
path. 

While Raven and Chief Martin and 
several of his men were hunting gorillas 
I made several excursions in the forest 
near by, ostensibly in search of monkeys 
but really just to see the forest itself and 
whatever it might reveal to me. I took 
one of the chief’s relatives, Andreas 
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Ysombe, as a guide. He was a tall, pow¬ 
erfully built man with regular features 
and a black beard. We wandered for 
several hours in the forest, which was 
very similar to that at Banalia, north of 
Stanleyville. The underbrush, thorns 
and vines offered only a moderate 
amount of opposition whenever we left 
the path and we seldom needed a ma¬ 
chete. The forest was very still, except 
for the hubbub made by hornbills; 
monkeys were either very scarce or re¬ 
markably secretive. At one place An¬ 
dreas warned me away from a pit which 
had been dug for wild pigs and antelope. 
Here he stopped a while and gave out a 
series of remarkably loud sounds, pur¬ 
porting to be antelope calls, but no ante¬ 
lope appeared. Then we went down the 
valley to the bed of a stream and Andreas 
motioned to me to climb up on his back. 
Alter I had done so he walked up the 
stream some distance until he found a 
suitable place to get through the bush 
on the other side. I then got down from 
my human steed and we came home. 

On another occasion I took another 
man, named Benedict Nkudu, to a differ¬ 
ent part of the forest. He went through 
a similar performance of calling ante¬ 
lopes, but his rendition of the call was 
widely different from the other man’s. 
Both these men could call antelope suc¬ 
cessfully, for the first one showed me 
many skulls and horns of large antelopes 
which he had called in this way, and the 
second afterward called two small ones 
successfully when he was out with Raven. 
On this day, however, his calls produced 
only an echo and we went on after 
monkeys. For a long time we did not see 
any, but after a while one or two began 
to leap from tree to tree. They retreated 
into the lowest and thickest part of the 
valley far more quickly than I could fol¬ 
low them. So I stood still and let the 
man go ahead. He was out of sight in 
a moment and I heard nothing of him 
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for a long time, so I cleared away a few 
stems and sat down on them to study the 
forest. Pretty soon 1 saw a little move¬ 
ment in the tree and in a moment a beau¬ 
tiful spot-nosed monkey was creeping 
forward on a branch immediately above 
and in front of me. I kept very quiet 
and it was a minute or two before he dis¬ 
covered me and leaped away. After an¬ 
other short while a stick fell down out 
of the tree in front of me;—and there 
stood my guide, smiling, a little way up 
the hill behind me. He had used up the 
several bullets I had given him, but had 
shot no monkey. His foot was bleeding 
on the thick sole, where a stick or stone 
had penetrated it. He then cut a small 
switch and whipped the sole of his foot 
rapidly at the spot where it had been 
punctured until the blood flowed freely. 
Apparently this was a native method of 
preventing blood-poisoning. In a minute 
or two he was ready to proceed. By this 
time it was about ten o’clock in the 
morning and there was slight chance of 
our seeing any more monkeys until late 
afternoon, so we went back to camp. 

The religious services of the church 
at Ozoum were one of the most remark¬ 
able features of the village. At matins, 
high mass and vespers the church was 
filled with men, women and children 
eager to take an enthusiastic part in the 
service. The French priest, Father An¬ 
toine, was very friendly and courteous 
to us and extended to Dr. McGregor and 
myself a cordial invitation to attend the 
early morning mass. Accordingly we 
went in to the church and took places 
near the door; but Father Antoine sent 
one of his black catechists after us and 
we were conducted to the front seat 
immediately in front of the chancel rail. 
As if this were not embarrassing enough, 
just before the time came for the people 
to kneel at the chancel rail, the black 
catechist again came to us and conducted 
us to two chairs which had been placed 
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within the chancel, between the altar and 
the communicants. For nearly an hour 
the congregation took a lively part in the 
service, the frequent and sometimes long 
responses being given with vigor, pre¬ 
cision and in perfect unison, all in the 
native language. This technical perfec¬ 
tion was the result of daily practise con¬ 
ducted by the several catechists even 
while the priest was away visiting the 
many other villages under his care. 

The children in the school were taught 
to read and write in their own language, 
chiefly for the purpose of being able to 
read the words of the prayerbooks and 
other religious books, which were their 
sole and sufficient literature. To teach 
them this and to enforce the discipline 
of the church naturally taxed all the 
strength and time of the priest and his 
catechists. There was thus no time or 
energy left to fight the fearful diseases 
that afflict the people or to teach them 
hygienic living, this apparently being 
regarded as the duty of the state. 

When we came out of the church I saw 
an enormous millipede crawling slowly 
along on the open plaza. I admit that 
it was too “crawly” for my nerves, but 
I called McGregor and he grabbed it in¬ 
stantly and thrust it into his pocket. 
When the folks coming out of church saw 
this they screamed and scattered in all 
directions. Doubtless our prestige, in 
being able to handle such “deadly” crit¬ 
ters with impunity, must have been 
greatly enhanced. 

One bright day in Ozoum we heard a 
woman begin to cry out and moan. Im¬ 
mediately every one stopped what he was 
doing and began to drift across the street 
to a certain house where a younger 
brother of Chief Martin had just died. 
In a short time the news had traveled and 
people streamed in from every direction, 
mourning loudly. Soon the roar of the 
mourners was like the hum of an im¬ 
mense hive. The dead man’s widow, 


reasoning in the native way, asserted 
that he had been poisoned. Chief Martin 
requested us to go to look at the body, 
which we did. McGregor assured him in 
German that we saw no evidence of 
poisoning, but that the man had more 
probably died from pneumonia. The 
chief told us that many people were 
killed by a “worm” that gnawed its way 
into the lungs, and that he himself had 
once been ill from this cause. That eve¬ 
ning a fire was lighted in front of the 
house and the mourning chorus was re¬ 
newed. Late in the night the body was 
carried to a near-by village. The next 
night the drums in that village were most 
insistent, and as I lay in bed listening to 
their magical rhythms it seemed to me 
that they must be describing the long 
journey that the dead man was making 
in the world of shades. 

A few days later the widow returned 
to Ozoum, making loud and dismal 
lamentations as she entered the village 
road, which she continued for some little 
time after entering her house. But 
somehow I received the impression that 
a good deal of the public and private 
mourning was more or less overstimu¬ 
lated and that after the dead had been 
decently mourned the grief of all was 
assuaged and life went on much as 
before. 

During these three weeks of persistent 
hunting Haven was assured many times 
and in many villages that there were 
“plenty, plenty ingagi” (gorillas) near 
by. But although he and his black as¬ 
sistants followed gorilla tracks for long 
distances and on two or three occasions 
came near to one or more gorillas, he was 
never near enough to shoot one through 
the head and he stuck to his policy of 
not taking random shots at the body. 
For on all his field work in many parts 
of the world he has been scrupulously 
careful never to kill a single individual 
more than he has a permit for, and it 
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would annoy him extremely to wound 
an animal and let it get away. Although 
Chief Martin and his men were enjoying 
the opportunity to hunt gorillas with him 
and pressed him to stay on with them 
until he got one, Raven decided that he 
would try his luck in another district; so 
he came back to the village of Ozoum and 
we prepared to leave. 

But before leaving we gave a little 
party for the children of the village, who 
had all been our friends for the past 
three weeks. McGregor and I walked 
down to Yaounde, taking one of our per¬ 
sonal boys, to purchase the material for 
the party. On the day before we left the 
native school-teacher marshalled his 
pupils and led them forth, chanting the 
school hymn. They drew up in front of 
our house in the presence of the chief 
and head men and were arranged in files 
of three each. McGregor and I then 
passed down the lines, distributing to 
each boy a handful of candies, a pencil, 
two heavy rubber bands for his bean- 
shooter and one franc. For the few little 
girls present we had candy and oranges. 
The whole affair was carried out in sol¬ 


emn silence, and we felt rather depressed 
at having unintentionally thrown such a 
wet-blanket over our usually light¬ 
hearted young friends. We returned to 
our porch and told the catechist that that 
was all. But he kept the children stand¬ 
ing there and we retired into the house. 
In a few moments there was a mighty 
chorus: just 44 GOOD BYE!” but deliv¬ 
ered with all the decision and unison of 
their religious services. It was not until 
late that afternoon that they plucked up 
courage enough to crowd around our 
piazza and beg for bananas and francs 
with their usual informality and per¬ 
suasiveness. 

Early next morning, when we and all 
our camp equipment passed down the 
mountain path, Nga and D6tus and sev¬ 
eral others made the trip with us to the 
auto road. There we took leave of all 
our good friends, from Chief Martin 
down to D4tus Ogmba, who said he was 
willing to go with us into the great world. 
And seldom have I been sorrier to part 
with friends anywhere in the world than 
with these engaging ex-cannibals of the 
Congo forest. 



THE THUMB OF MAN 
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We must acknowledge that with all his noble 
qualities, with his god-like intellect^-with all 
these exalted powers—Man still bears in his 
bodily frame the indelible stamp of his lowly 
origin .—Charles Darwin. 

Many people are inclined to reject any 
theory of man’s origin from a lower form 
of life because it seems to them ignoble. 

In their minds the evidences of such a 
beginning for the human race do not 
suggest mere humility, but rather con¬ 
stitute a stigma, a blot that causes a 
sense of shame; it is a thing to be con¬ 
cealed. 

It is our purpose in the following 
pages neither to apologize for the course 
of events in our prehuman existence nor 
even to enumerate the many evidences, 
those stigmata, that show the trend of 
our ancestral development. Rather it is 
our plan to follow through a consecutive 
series of events that have, during some 
fifty million years, brought our race up 
from the earliest primates; we shall en¬ 
deavor to trace the line of cause and 
effect that culminated in the achievement 
of man’s highest mental and physical 
qualities. 

In our treatment of the subject we 
shall put especial emphasis on certain 
new features, such as the development 
of the opposable thumb, the bending for¬ 
ward of the cranium, the reduction of the 
41 animal’’ features of the face and the 
assumption of the upright carriage; but 
one should not lose sight of those old- 
fashioned characters, the scores of ves¬ 
tiges of once existing parts that consti¬ 
tute 41 the indelible stamp ’ ’ of our humble 
origin. 

It was at a time before the so-called age 
of mammals and well over a hundred 
million years ago, in the Mesozoic era, 
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that certain animals began climbing trees 
for safety and for food; a new type of 
food, consisting largely of the fruits and 
nuts, was coming into existence at that 
time. At first these humble creatures 
climbed for their sustenance and security 
by using their claws just as many car¬ 
nivores and rodents do to-day. Some of 
them ran on top of the branches, making 
use of their padded feet; but others 
learned to climb and cling by employing 
the first digit, the thumb, set off at an 
angle from the rest of the hand. This 
not only gave the hand a broader base, 
but with the thumb extended from the 
other fingers and opposing them the hand 
came to have a wrench-like grip that pre¬ 
vented twisting and slipping on the limb 
of a tree. 

Out of the employment of the thumb, 
at first in climbing and gripping the 
branches of a tree, there arose other and 
higher uses for it, and eventually the 
thumb had the greatest significance in 
the progress of the human race. Let us 
follow the development and employment 
of the thumb, that member of the hand 
sometimes unwittingly held in contempt. 

One should go back and trace, however 
briefly, the history of the animals that 
constitute the links in the chain of our 
ancestry and see what influence the 
structure of the hands and limbs may 
have had on the habits of life, the better 
to understand how it was possible for 
man, the upright one, to have been 
evolved. We begin with the earliest 
primates known in recounting this his¬ 
tory and our minds go at once to the 
little Pelycodus of the early Eocene 
epoch. It has been our good fortune to 
find many specimens, consisting mostly 
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of jaws and teeth, of this lemuroid once 
inhabiting the region of Wyoming. 
While we do not know the complete form 
of Pelycodus, yet its successor, the Noth - 
arctus of middle Eocene, is well repre¬ 
sented by skeletons and separate bones 
in the American Museum, and it has 
been carefully studied and described by 
Granger, Gregory and others of that in¬ 
stitution. Notharctus is thought, by 
those who are competent to judge, to 
have had at that early time just those 
qualities that one would expect to find in 
the ancestor of man and of the higher 
apes. 

There is good reason to believe that 
Pelycodus and Notharctus (Gregory, 
1928) had achieved already the prehen¬ 
sile hand and foot, the opposable thumb 
and great toe, and in them the founda¬ 
tion was laid for that structure without 
which our present civilization could 
never have been attained. 

It is difficult to say just what progress 
was made in the use of the thumb by the 
succeeding primates, Parapithecus and 
Propliopithecus of the Oligocene period, 
but it seems highly probable that the 
well-known genus, Dryopithecus, had 
come to use the hands in many more ways 
than merely for hanging to the branch 
of a tree for support. Here in Dryo¬ 
pithecus —tree ape—we expect an ances¬ 
tor that surely had learned to use the 
hands in gathering food, in arranging 
sticks for a comfortable nest and, above 
all, for holding objects before the eyes 
for closer scrutiny. Inquisitiveness was 
born. Curiosity had come to be a racial 
trait. What an impetus this would give 
to the development of a higher intelli¬ 
gence I 

While it can not be said strictly that 
the presence of the hand itself was a 
cause, yet given a brain—from whatever 
cause—the hand stimulated and en¬ 
hanced its better use. As the hand 
played to the mind so the mind to the 
hand and they mutually stimulated fresh 
and higher consequence. The hand fur¬ 


nished an instrument for the fuller devel¬ 
opment of the mentality and those crea¬ 
tures that chanced to have a higher brain 
capacity were able to use the hand to 
their greater advantage. A high reward 
awaited the possession and further em¬ 
ployment of both. And so it came about 
that for millions of years there continued 
a selection in nature of that species of 
primate in which the mental capacity 
gradually improved. 

This happy agreement between hand 
and mind brought about another signal 
step in the upward trend of this for¬ 
tunate race. For some time the superior 
mental equipment and the useful hand 
had made these primates less dependent 
upon the great size and strength of the 
jaws, upon the number, form and ar¬ 
rangement of the teeth, upon the sense 
of smell and so on; the result was that 
the facial portion of the skull decreased 
in its proportions while the cranial dome 
used more and more material in its con¬ 
struction. Less and iess of jaw, except 
that the chin lagged behind in its reduc¬ 
tion, restricted were the teeth in size and 
number, fewer and fewer were the bestial 
propensities; instead there came more 
and more of that which stood for higher 
and nobler thoughts and actions. Al¬ 
ways this was accompanied by the fur¬ 
ther training of hand and thumb and the 
course was laid that made it possible for 
these primates to achieve the highest 
place in the scale of life. 

Observe a further progressive change. 
The brain, because of its tremendous 
development in this rapidly evolving 
race, began to occupy not only the back 
of the head, as in the earlier progenitors, 
but the top as well and it even crowded 
forward upon the region of the eyes and 
nose as the forehead encroached on the 
face. The results, pointed out especially 
by Tilney, were of the utmost impor¬ 
tance : the nasal region became so com¬ 
pressed and restricted that the sense of 
smell was largely lost; the eyes were 
pushed forward and closer together re- 
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suiting in binocular, stereoscopic vision. 
The skull was bent, even in prehistoric 
man, so far forward that no more could 
he see above his head or behind his back 
as did the earlier lemurs. It became vir¬ 
tually impossible for these creatures, 
standing on all fours, to see other than 
the ground beneath 

Now note the significance of all this. 
There came a time when it was necessary 
for our ancient forebear to stand up or 
sit up in order to see what was before 
him. In moving about he was compelled 
to rise upon his two feet, to assume an 
upright posture, and he became man. 
Out of a series of events that seemed 
destined to turn his face inexorably to¬ 
ward the soil, there resulted an exalta¬ 
tion to a higher, more noble position. In 
many ways, indeed, it has proved a 
serious business, and often certain of our 
primitive organs find it more than they 
can endure. Many human ills arise from 
this new estate. 

So long as our ancestors remained in 
the trees, perhaps throughout the time 
of Dryopithecus in the Miocene-Pliocene 
epochs, the bending of the skull forward 
made no great difference. As a matter 
of fact it may have been, as some strongly 
contend, that the first trend toward the 
upright posture had its inception in the 
trees. But certain it is that just at this 
time the environment offered a new and 
impelling influence; a change in climatic 
conditions, well recognized in the geo¬ 
logical record, caused a wasting away of 
the forests that made it increasingly 
necessary for those ape-like beings to 
drop down upon the ground, to cover the 
distance from tree to tree, from grove to 
grove, on their feet. 

It was then and thus that the quadru¬ 
pedal gait was discovered to be entirely 
out of harmony not only with the hand 
but with the form and structure of the 
skull, and Dryopithecus —his name not¬ 
withstanding—was forced to make his 


way on foot upon the ground. He found 
that the bipedal gait was as convenient 
and essential as the quadrupedal method 
was awkward and unnecessary. As early 
man found it an advantage to stand upon 
his hind legs to see what was transpiring 
about him so every newborn babe to-day 
must discover for itself anew this inter¬ 
esting and important principle and each 
in turn must learn to rise from its hands 
and feet, a quadruped, and solve again 
the difficult problem of seeing and under¬ 
standing the world about it. 

And it was a fortunate thing that our 
ancestors were finally forced out of the 
trees in the Pliocene time, if we may 
judge by what happened to certain of 
the other primates. Take, for instance, 
the spider monkey ( Ateles ) that has lost 
its thumbs entirely, or the gorilla, chim¬ 
panzee, etc., whose thumbs are greatly 
reduced, and it becomes evident from 
these examples that we too might have 
been deprived of the use of this most 
important member, had our race re¬ 
mained in the comfortable trees. With¬ 
out the thumb the life of modem civilized 
man could never have been a possibility. 

We review the sequence of events: 

The thumb separates to give broader “foot¬ 
ing.” 

The hand learns to grasp the branch of the 
tree. 

Useful as a tool, the hand stimulatos the men¬ 
tality. 

Result, increased capacity and power of the 
brain. 

Bone from the face goes to enlarge the cranial 
roof. 

Nose, jaws and teeth decrease in size and 
function. 

Forehead crowds the eyos to a place of greater 
vantage. 

The eye and hand still more faithfully serve 
the brain. 

The face bent forward forces man to an up¬ 
right posture. 

Bipedal gait freos the hands to further assist 
the brain. 

Upright man reveals the remarkable evidence 
of his progress. 

But still shows the “indelible stamp” of his 
humble origin. 



THE CREATIVE YEARS IN SCIENCE 
AND LITERATURE 

By DR. HARVEY C. LEHMAN 

PROFESSOR OF PSYCHOLOGY, OHIO UNIVERSITY 

What are man’s most creative years? would (or should) immediately ask how 


At what ages are men likely to do their 
most outstanding work? In 1921 Pro¬ 
fessor Robert S. Woodworth, 1 of Colum¬ 
bia University, published this statement 
in his book, 4 'Psychology: A Study of 
Mental Life”: 

Seldom does a very old person get outside the 
limits of his previous habits. Few great inven¬ 
tions, artistic or practical, have emanated from 
really old persons, and comparatively few even 
from the middle-aged . . . The period from 
twenty years up to forty seems to be the most 
favorable for inventiveness. 

Writing under the fictitious name, 
Helen Nelson,* an author whose article 
appears in the American Journal of 
Psychology takes vigorous exception to 
Woodworth’s foregoing assertion After 
arguing at length against Woodworth’s 
statement, Miss Nelson lists a number of 
individuals who did notable work after 
they had reached the age of forty. Pre¬ 
sumably upon the basis of her citations, 
Miss Nelson arrives at the following con¬ 
clusion : 

... in the caae of these names at least, inven¬ 
tion of the highest order, far from being in 
decay at forty, seems to be at the very prime or 
just ready to begin. 

The method by which one arrives at a 
conclusion is no less important than is 
the conclusion itself. For example, if a 
writer or a speaker should attempt to 
describe seriously incidents that were 
alleged to have occurred on the opposite 
side of the moon, the critical listener 

*R. S. Woodworth, * f Psychology: A Study of 
Mental lAte,” p. 510. Henry Holt and Com¬ 
pany, 1021. 

* Helen Nelson, The American Journal of 
Psychology , 40: p. 804, 1028. 


the speaker had obtained his alleged in¬ 
formation. And, if queries regarding 
the problem of technique could not be 
answered definitely and to the entire 
satisfaction of the interrogator, intelli¬ 
gent auditors would probably see no 
reason for taking the speaker’s remarks 
very seriously. 

The same principle should hold for 
reports which deal with human behavior. 
If credence is to be given to research 
findings it is always important to know 
how the alleged findings have been 
obtained. Certainly, the serious student 
is entitled to know whether the research 
worker was prejudiced or whether, like 
the expert athletic official, he was able 
to view with an attitude of calm detach¬ 
ment the phenomena which he claims to 
have observed. 

It is one thing to set out with a ready¬ 
made conclusion and to search for illus¬ 
trations that may be employed for the 
purpose of proving its validity. It is 
quite another thing to assemble factual 
data and, while doing so, to maintain an 
impartial attitude. In the article previ¬ 
ously referred to, Miss Nelson seems 
rather obviously to have employed the 
first of the above-mentioned techniques 
and, writing in an inimitable literary 
style, she proceeds (by the selection of 
some exceptional cases and the omission 
of others) to defend her belief that old 
age is the most favorable time for inven¬ 
tiveness. 

Literary skill and the ability to per¬ 
suade are not valid substitutes for sound 
research technique. With this elemen¬ 
tary principle in mind let us see what is 
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to be found when the inductive method 
is employed as the means for studying 
4 4 the creative years.” We, of course, 
shall not attempt to canvass all kinds 
of endeavor. Such a large undertaking 
would be impossible of accomplishment. 
Let us therefore limit our inquiry. Let 
us first examine the field of creative 
chemistry and attempt to answer the 
following question. Do chemists display 
more creative thinking at some chrono¬ 
logical age levels than at others? 

In his book, “A Concise History of 
Chemistry, ,,a Professor T. P. Hilditeh, 
of the University of Liverpool, presents 
the names of several hundred noted 
chemists and the dates on which these 
chemists made their outstanding contri¬ 
butions to the science of chemistry. 4 
Professor Hilditeh*s book was chosen 
for study for several reasons. In the 
first place, Hilditeh is an able worker in 
the field of chemistry and his institu¬ 
tional connection is above suspicion. It 
obviously would have been an absurd 
and a wholly indefensible procedure for 
the present writer to have attempted to 
evaluate the work of noted chemists 

It was stated previously that Hilditeh 
is an able chemist. But even this fact 
did not satisfy the present writer Hil- 
ditch’s judgment might be after all 
1 i only one man’s opinion/’ Professor 
Hilditeh’s book was submitted therefore 
to four different university teachers 
of chemistry. These four chemistry 
teachers were unanimous in their judg¬ 
ment that the contributions listed by 
Hilditeh form an essential part of the 
chemistry panorama. On the basis of 

8 T. P. Hilditeh, “A Concise History of Chem¬ 
istry. 99 D. Van Nostrand Company, 1911. 

4 Subsequent personal correspondence with 
Professor Hilditeh elicited the following state¬ 
ment regarding the dates of achievement: 
“ . . • the dates given in my history as those 
in which contributions were made are simply the 
dates of first publication of the results in a 
scientific journal or similar medium. In general 
I would say that these dates would bo within 
a year of the time when the discovery, etc., was 
actually made. The interval might be less than 
this, but would rarely be more/ 1 


the collective judgments of these ad¬ 
visers, the writer concluded that Hil- 
ditch’s list is probably a fair and ade¬ 
quate sampling of outstanding achieve¬ 
ment in the field of creative chemistry. 

There is a second reason for utilizing 
the list of achievements that was set 
forth by Hilditeh. When he was select¬ 
ing important contributions in the field 
of chemistry, Professor Hilditeh was not 
studying age differences in creativity. 
He was probably therefore not even 
aware of age differences. This fact is 
of considerable importance in so far as 
the present study is concerned. Cer¬ 
tainly, when studying the creativity of 
persons of different chronological ages, 
an investigator should divest himself of 
all bias for or against any particular 
age levels. And this impartial attitude 
is most likely to be attained when the 
compiler of a list of outstanding achieve¬ 
ments is thinking not of age differences 
but solely of outstanding achievement. 

If each age group is to be judged 
fairly it is necessary to take account of 
a number of other things. For example, 
one must consider the number of indi¬ 
viduals that are alive at each successive 
age level. Certainly, if more men are 
alive at the younger age levels than 
at the older age levels, the younger age 
groups might achieve more merely 
because of their greater numerical 
strength. Adequate allowance for the 
unequal numbers of individuals alive at 
the various age levels was therefore made 
in a manner that will be hereinafter 
described. 

One final word with reference to the 
problem of technique. It obviously is 
not possible to study the entire life work 
of individuals who are still living and 
achieving. In the first place, it is almost 
impossible to judge the real significance 
of quite recent work. Moreover, we 
have no way of knowing what the living 
chemist will accomplish during his later 
years. The present study includes there¬ 
fore data for deceased chemists only. 
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For the deceased chemist the record is 
reasonably complete and future events 
will probably change the record only 
slightly. 

In so far as data were available, the 
birth and the death dates of the chemists 
listed by Hilditch were secured from 
histories of chemistry and from various 
other sources. With the foregoing infor¬ 
mation it was possible to determine the 
chronological ages at which the worlds 
most renowned chemists made their most 
significant contributions, both theoretical 
and experimental, to the science of chem¬ 
istry. The findings are set forth in 
graphic form in Fig. 1. 

Fig. 1 presents the chronological age 
levels at which 244 chemists (now de¬ 
ceased) made 993 significant contribu¬ 
tions to the science of chemistry. In 
Fig. 1 the histogram (the line containing 
many right angles) presents the data 
by yearly intervals; the polygon (the 
curved line) presents the same data 
grouped by five-year intervals. In 
studying Fig. 1 it should be borne in 
mind that this figure presents the 
average number of chemical contribu¬ 
tions per chronological age level. Full 
and adequate allowance is thus made 
for the larger number of youthful 
research workers. 

For example, it was found that at age 
twenty-nine, 244 chemists made 49 con¬ 
tributions. This was slightly more than 
an average of .2 of a contribution per 
individual. Of the 244 chemists that 
were alive at age twenty-nine, 220 were 
living at age 50. The 220 workers that 
remained alive at age 50 made only 23 
contributions, which was slightly more 
than .1 of a contribution per living 
chemist. In Fig. 1 the histogram is so 
drawn as to be only about half as high 
at age 50 as at age 29. The histogram 
is drawn in this manner in order to show 
graphically that the average number of 
chemical contributions per living indi¬ 
vidual was only about half as large at 
age 50 as it was at age 29 . 


ato 

.180 


.M0 



Fig. 1. Average number of contributions by 

CHEMISTS IN EACH YEAR OP THEIR LIVES. THI8 
GRAPH 18 BASED ON 993 SIGNIFICANT CONTRIBU¬ 
TIONS THAT WERE MADE BY 244 NOTED CHEMISTS. 

If, regardless of the number of 
workers that remained alive, the fifty- 
year-old chemists had contributed at the 
same average rate as did the twenty- 
nine-year-old chemists, the curve in Pig. 
1 would have remained as high at the 
fifty-year-old age level as it is at the 
twenty-nine-year-old age level. Actually, 
the curve in Pig. 1 exhibits a very notice¬ 
able descent at the older age levels. 
Why does this marked descent occur 1 

A copy of Fig. 1 was mailed to Pro¬ 
fessor Hilditch. In commenting upon it, 
Professor Hilditch wrote as follows: 

Frankly, I am surprised that your analysis of 
the data leads so clearly to the age range of 
about 30 to 35 being the most productive for 
chemists. One cannot, of course, dispute the 
accuracy of a mathematical analysis of this 
kind, and yet the results are contrary to what 
one would have anticipated. 

I am not surprised that the maximum produc¬ 
tivity should appear by about the age of 30, 
but I would have expected this maximum to be 
more or less sustained over the succeeding 20 
or 25 years. I think it would be generally 
agreed amongst chemists that the productive 
type as a rule continues to develop and mature 
until well on into what is generally called the 
prime of life. 

The present writer requested several 
friends to explain why the curve in Pig. 
1 rises so much more rapidly than it 
descends, and why it descends so quickly 
after reaching its maximum. One indi¬ 
vidual suggested that the older chemists 
may have become more discriminating 
during their later years and that the 
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Fig. 2. Chronological ages at which the 

MOST IMPORTANT CHEMICAL CONTRIBUTIONS WERE 
MADE, BASED UPON THE ESTIMATES OF THREE 

judges. Average number of contributions 

PER FIVE-YEAR INTERVAL 

older men may therefore have disdained 
to publish findings which they regarded 
as of minor importance. If this explana¬ 
tion were a valid one the contributions 
of the older men should be superior in 
quality to the contributions of the young 
chemists. As a means of ascertaining 
the facts with reference to this matter, 
three of the writer's colleagues 5 from the 
chemistry department of Ohio Univer¬ 
sity were asked to select the 100 most 
important or most significant chemistry 
contributions that were listed in Hil- 
ditch’s book. The three collaborators 
were asked to make their selections with¬ 
out consulting one another and to make 
them from the point of view of the chem¬ 
ist rather than that of the layman. The 
peaks of the resultant curves appeared 
at slightly younger ages than the peak 
of Fig. 1 (see Fig. 2). Clearly, the 
alleged superior discriminative ability 
of the older men does not explain why 
maximum productivity occurs at such 
a relatively early age. Apparently, the 
most significant contributions to the 
science of chemistry have been made 
most frequently by individuals who were 
approximately thirty years of age at the 
time of making their invaluable contri¬ 
butions. 

A chemist of more than national repu¬ 
tation was asked to explain why maxi- 
0 Professors Donald R. CHppinger, Frank B. 
Gulium and J. R. Morton gave cheerful and 
whole-hearted cooperation to this phase of the 
study. 


mum productivity, as revealed by Fig. 1, 
is not sustained for a longer period of 
time. This chemist expressed the opin¬ 
ion that the early descent of the curve 
in Fig. 1 is due to the fact that the 
young chemist who displays marked 
ability by the early publication of im¬ 
portant research findings is likely, sooner 
or later, to be advanced to an adminis¬ 
trative position. That is to say, the more 
gifted young chemist is often made head 
of his department or placed in some 
other administrative post which absorbs 
his time and energy and precludes fur¬ 
ther research. The speaker added that 
it was his belief that the total amount 
of chemistry research might be greatly 
increased if the foregoing practice were 
to be abandoned. 

If the present study had been lim¬ 
ited solely to the creative work of chem¬ 
ists, one might accept the above hy¬ 
pothesis. However, age-curves similar 
to Fig. 1 were constructed for inventors, 
physicists, mathematicians, astronomers, 
poets, short-story writers and several 
other kinds of workers (see Figs. 3 to 
9).® It is true that the precise age 

6 The data that were employed for the con¬ 
struction of figures 3 to 9 inclusive were obtained 
in a manner similar to that which was utilized 
for obtaining the data that were used for the 
construction of Figure 1. It is assumed that 
the reader will be more interested in the findings 
that were obtained than in a detailed description 
of the technique that was employed. Therefore 
most of the remainder of this manuscript will 
be devoted to a presentation of the findings. 



Fig. 3. Average number of contributions by 

MATHEMATICIANS DURING EACH YEAR OF THEIR 

lives. This graph is based on 459 contribu¬ 
tors THAT WEI* MADE BY 153 M ATHEMATIOIANS. 
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level at which the several curves reached 
their peaks varied somewhat. The shapes 
of the curves also differed. Nevertheless, 
for most kinds of endeavor that the 
writer has thus far studied, the peak has 
been found to appear at a relatively 
youthful age. Therefore, the theory 
that the early and marked decrement in 
the productivity of the chemists was due 
solely or even largely to the pressure of 
administrative and classroom duties is 
of very doubtful validity. 

The data that are presented graphi¬ 
cally in Fig. 3 were obtained from Ca- 
jori's “A History of Mathematics” 7 in 
the following manner. The author of 
this article first checked through Cajon's 
history and noted each mathematical con¬ 
tribution that was dated. By this means 
a total of 1,092 specific dates was ob¬ 
tained. A colleague 8 from the mathe¬ 
matics department was then requested 
to check from the writer's list those con¬ 
tributions which might be regarded as 
the most significant. After this had been 
done the list included 718 dates. Some 
of these were later discarded because 
they were duplicates; others were dis¬ 
carded because the birth or the death 
date of the contributor could not be 
found. 

t F. Cajon, * * A Hietory of Mathematics, * 1 
Second Edition. New York: The Macmillan 
Company, 1922. 

• Thanks are expressed herewith to Professor 
Robert H. Marquis. 



Fig. 4. Average number of contributions by 

PHYSICISTS DURING EACH YEAR OF THEIR LIVES. 

This graph is based on 141 contributions 
THAT WERE MADE BY 90 PHYSICISTS. 
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Fig. 5. Average number of contributions by 

ASTRONOMERS DURING EACH YEAR OF THEIR LIVES. 

This graph is based on 83 astronomical con¬ 
tributions THAT WRRE MADE BY 63 ASTRONO¬ 
MERS. 

The data that were employed for the 
construction of Fig. 4 were obtained 
from William Francis Magie’s “A 
Source Book in Physics.”* This source 
book, which was first published in 1935, 
contains extracts from what Magie re¬ 
gards as the most important contribu¬ 
tions that have been made to the science 
of physics during the past three cen¬ 
turies. It will be seen at a glance that 
Fig. 4 bears much similarity to the 
figures that have preceded it. Like the 
other curves this one rises much more 
rapidly than it descends and the period 
of maximum productivity is not later 
than from ages 30 to 34, inclusive. 

The data that were employed for con¬ 
structing Fig. 5 were obtained from “A 
Source Book in Astronomy” 10 by Shap- 
ley and Howarth. It differs from the 
preceding curves in that the peak of 
productivity occurs somewhat later, 
namely, between ages 40 to 44, inclusive. 
A part (possibly all) of this difference 
may be due to a difference in the amount 
of time lag that occurred between date 
of accomplishing and date of first publi¬ 
cation. For 75 of the 83 astronomical 
contributions (90 per cent.) only the 

»W. F. Magie, “A Source Book in Physics.* * 
McGraw-Hill Company, Inc., 1985. 

io H. Shapley and H. E. Howarth, “A Source 
Book in Astronomy. * * New York: McGraw- 
Hill Book Company, Inc., 1929. 
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dates of first publication were available. 
Obviously these dates of first publication 
do not tell the chronological ages at 
which the contributions were actually 
made. We know only that for the 83 
astronomical contributions the peak of 
productivity occurred not later than 
ages 40 to 44, inclusive. 

If the present study had been limited 
to the creativity of scientists only, one 
might have been led to the spurious 
belief that classroom and administrative 
duties are the sole reasons why the fore¬ 
going curves start descending at such 
relatively early ages. A glance at the 
curve for great inventions should suffice 
to dispel such a belief. Fig. 6 presents 
the chronological ages at which 554 
notable inventions were made by 402 
well-known inventors. Since it sets forth 
the average number of inventions per 
chronological age level , this figure is 
comparable with the figures which pre¬ 
cede it. The names of the inventors and 
their inventions were procured from 
sources some of which are listed in the 
footnote 11 

When Fig. 6 was displayed to inter¬ 
ested colleagues several commented, 
“What about Edisonf” It is of course 
well known that Thomas A. Edison was 
very active as an inventor throughout 
his entire life. However, age 35 was 
Mr. Edison’s most productive year. 
Moreover, during the four-year interval 
from ages 33 to 36 inclusive, Edison took 
out a total of 312 United States patents. 
This was more than a fourth (28 per 
cent) of all the United States patents 

ii (a) “The Lincoln Library of Essential 
Information , ,} The Frontier Press Company, 
1934. (b) H. W. Ruoff, editor, “The Standard 
Dictionary of Facts . 99 The Frontier Press Com¬ 
pany, 1910. (c) E. W. Byrn, “The Progress of 
Invention in the Nineteenth Century . 19 New 
York: Munn and Company, 1900. (d) “The 

Scientific American Reference Book.* 9 Compiled 
by A. A. Hopkins and A. R. Bond. Munn and 
Company, Publishers. Scientific American, 1905. 
(e) A. P. Usher, “A History of Mechanical 
Inventions, 0 McGraw-Hill Book Company, Inc., 
1929. (f) The World Almanac, 1935. 


that were taken out by Edison during 
an inventive career that lasted for more 
than 60 years. Most of the data that 
were employed for the construction of 
Fig. 7 were obtained from Edison’s offi¬ 
cial biography. 12 

Fig. 8 presents the average number of 
short stories per chronological age level 
per short story writer. This figure is 
based upon 1,396 short stories that were 
written by 220 writers. Data were ob¬ 
tained from Jessup’s “Representative 
Modem Short Stories.” 18 The dash line 
near the center of the figure presents 
data regarding the production of the 66 
“best” short stories, which were written 
by 37 different authors. The “best” 
short stories were identified by examin¬ 
ing books and lists that contained what 
were alleged to be the “best” short 
stories. Those stories which appeared 
most often in such lists were accepted as 
“the best.” For the “best” short sto¬ 
ries the age interval of maximum produc¬ 
tivity is not later than ages 30 to 34, 
inclusive. 

Fig. 9 presents data regarding dates 
of composition for 797 great poems. The 
sources from which the data were ob¬ 
tained (English, American and German) 
are listed in the footnote. 14 Since it pre¬ 
sents not dates of first publication but 
dates of composition, this figure is not 
directly comparable with the graphs that 
have preceded it. The period of maxi- 

12 F. L. Dyer, T. C. Martin and W. H. 
Meadowcroft, “Edison: His Life and Inven¬ 
tions. 0 Harper and Brothers Publishers. In 
two volumes, vol. 2, pp. 975-1008, 1929. The 
writer is indebted to Mr. Henry Lanahan, gen¬ 
eral counsel of the Edison Company, for assem¬ 
bling and forwarding the necessary supple¬ 
mentary information. 

is A. Jessup, ‘ * Representative Modern Short 
Stories . 9 9 The Macmillan Company, 1929. 

14 (a) C. H. Page, “British Poets of the 
Nineteenth Century. 0 New edition by Stith 
Thompson. Bcnj. H. Sanborn and Company, 
1929. (b) O. H. Page, “The Chief American 

Poets. 0 Houghton Mifflin Company, 1905. (c) 
B. J. Vos and P. A. Barba, “German Lyrics 
and Ballads: From Klopstock to Modem 
Times . 9 9 Henry Holt and Company, 1923. 
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mum productivity for poetry seems to 
occur relatively early, namely, from ages 
22 to 35, inclusive. Beyond age 35 the 
composition of poetry appears to decline 
rather markedly. The rise at the ex¬ 
treme right end of the curve is possibly 
significant, although it may also be ac¬ 
counted for in part by the fact that very 
few of the poets were alive at the age 
of 80. Average productivity at this ad¬ 
vanced age may therefore not be trust¬ 
worthy. 

The reader will perhaps share the 
writer's skepticism that the early and 
marked decrement in the productivity 
of the chemists was due solely or even 
largely to the pressure of administrative 
and classroom duties when he learns that 
the age-curve (Fig. 6) for great inven¬ 
tions is very similar to the age curve for 
chemical contributions. Surely, it would 
be nonsensical to assert that the decre¬ 
ment in productivity among inventors 
was due also to the pressure of adminis¬ 
trative and classroom duties To what, 
then, was the decrement due? Were the 
older scientists incapable of producing 
at the same rate during their more 
mature years as they had produced when 
younger? And, if they were fully as 
capable of producing when older, why 
did they fail to continue their creative 
work? Some might suppose that, when 
the older scientist has won fame and pro¬ 
fessional recognition, the prestige-motive 



Fia. 6. Average number of inventions by in¬ 
ventors DURING EACH YEAR OF THEIR LIVES. 
This graph is based on 654 inventions that 

WERE MADE BY 402 INVENTORS. 



Pig. 7. Number of inventions that were 
MADE AT VARIOUS AGE LEVELS BY THOMAS A. 

Edison. This graph is based on a total of 
1,076 PATENTS. 

that may have been eliciting strenuous 
and sustained effort might in some 
instances wane or even disappear. But 
would this be true also of the inventor 
and the short-story writer? 

School texts usually picture the re¬ 
nowned scientist as a man of rather 
advanced years. The present findings 
suggest that in a number of fields the 
typical outstanding scientist is an indi¬ 
vidual who is in his late twenties or in 
his thirties at the time he is doing his 
most important creative work. 15 This 
fact is not a very important one so far 
as the scientist (or the layman) is con¬ 
cerned. The finding is one that will be 
of interest chiefly to the serious student 
of human behavior. The discrepancy, 
between the scientist as he actually is 
when he is at work and the stereotyped 
concept of the scientist, is probably due 
in part to the fact that personal fame 
spreads rather slowly. By the time the 
scientist has become an old man his fame 
is likely to be at its height and his photo¬ 
graph often taken. Under such circum¬ 
stances the photograph may give rise to 
an erroneous impression. 

It should not be assumed that Fig. 1 
sets forth, for every type of work, the 
relative creativity of men of different 
chronological ages. The writer does not 
mean to convey the impression that 

16 Subsequent to the preparation of this manu¬ 
script the writer finds that in his u Dynamic 
Psychology / 9 1918, p. 130, Professor Robert S. 
Woodworth arrives at practically this same con¬ 
clusion. 
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he has obtained typical creative-work 
curves. Indeed, he doubts very much 
that such a thing as a typical creative- 
work curve exists. This entire problem 
is of course one that is very complex. 
We need age-curves (or statistical dis¬ 
tribution tables) for each kind of crea¬ 
tive work. For, if one wishes to study 
the relative creativity of men of differ¬ 
ent chronological ages, the simple arith¬ 
metic average is insufficient. A simple 
hypothetical illustration will demon¬ 
strate the truth of this latter assertion. 

Let us suppose, for example, that nine 
chemists have each made one contribu¬ 
tion to their science. Let us assume also 
that one of the nine made his single con¬ 
tribution at age 80, that two of the others 
each made their contributions at age 50, 
and that the remaining six chemists each 
made contributions at age 30. In the 
foregoing hypothetical situation, the 
sum of the contributors ’ ages at the time 
of contributing is 360, and the average 
age at the time of making the contribu- 
360 

tions is -jj- or 40. Now, in spite of the 

fact that the average age of the contrib¬ 
utors is 40, six of the nine contributions 
(two thirds of them) were made prior 
to age 40, namely, at age 30. 

The situation is similar for the 993 
chemistry contributions that are pic¬ 
tured in Fig. 1. For the 244 chemists, 
the average age at the time of making a 
contribution is slightly more than 38. 
But the five-year interval of maximum 
productivity is from ages 28 to 32, in¬ 
clusive! This latter fact is one that 
would not be known if only the arith¬ 
metic average were available. Nor would 
the arithmetic average have revealed the 
fact that the curve in Fig. 1 rises so 
much more rapidly than it descends. 

Inspection of the curve in Fig. 1 will 
help the reader to understand why this 
is true. If, in Fig. 1, the two sides of 
the curve were wholly regular and sym¬ 
metrical, the average would yield a fairly 
accurate impression. For, in that case, 


one half of the contributions would have 
been made at ages younger than the 
average, and one half would have been 
made at ages older than the average. 
But in Fig. 1 the curve is not symmetri¬ 
cal. Because of this the average fails 
to reveal an adequate picture of the 
facts. 

When inferences are to be drawn one 
must always guard against going beyond 
the factual data. For example, some 
might infer that Fig. 1 reveals the rise 
and the fall (by chronological ages) of 
the chemist’s social and scientific useful¬ 
ness. Such an inference would be wholly 
indefensible. The writer would remind 
such readers that, during their more 
mature years, the chemists that are in¬ 
cluded in this study may have been 
doing highly useful work of a kind that 
does not leave tangible results that can 
be dated. Thus, some of the older chem¬ 
ists may have been engaged in adminis¬ 
trative work. And, even though this 
may not have been the chief reason for 
the diminution of their creative research 
work, the administrative work was very 
probably socially useful. Others of the 
older chemists may have been directing 
laboratories and teaching younger men 
the technique of chemistry research. It 
would of course be absurd to assert that 
the athlete could achieve equally good 
results without the counsel and advice 
of experienced athletic coaches. The 
situation is probably analogous for 
young chemists. 

Some of the older chemists may there¬ 
fore have been making their later con¬ 
tributions through their students. To 
some extent this hypothesis is un¬ 
doubtedly valid. There probably is such 
a thing as “creative teaching.” And, 
although its results do not show up in 
Fig. 1, this creative teaching may be 
fully as important to Society as is that 
which is customarily referred to as scien¬ 
tific productivity. However, data for in¬ 
ventors, poets and certain other groups 
of workers should suffice to convince the 
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impartial reader that the foregoing hy¬ 
pothetical “reasons'’ do not explain why 
the curve in Pig. 1 wanes so noticeably 
beyond age 39. 

One can hardly refrain from further 
philosophical speculation with reference 
to these findings. During the years that 
have passed, certain writers have assumed 
that the genius is one who is extremely 
capable, and some have assumed also that 
“genius will out.” If this latter asser¬ 
tion be a valid one, why is it that the con¬ 
tributions of outstanding chemists (and 
certain other kinds of workers) decrease 
so rapidly during the workers’ more 
mature years! Shall it be assumed that 
the world's most renowned chemists pos¬ 
sessed more genius at ages 30 to 35 than 
was possessed by them at older chrono¬ 
logical age levels? Certainly, such an 
assumption does not seem very plausible 
to the present writer. 

Some have insisted that scientific dis¬ 
coveries are often very much like the find¬ 
ing of a five-dollar gold piece lying at 
the noon hour on the sidewalk at a busy 
street corner. Some one is bound to spy 
the coin. In other words, it is asserted 
that for years before it is seen, the dis¬ 
covery is “just waiting to be picked up.” 
If this hypothesis be a valid one, why is 
it that the younger scientists find so many 



Fra, 8, Average number of short stories by 

WRITERS DURING MACH YEAR OF THEIR LIVES. 

This graph is rased on 1,396 short stories 

THAT WERE WRITTEN BY 280 INDIVIDUALS. THE 
DASH LINE PRESENTS INFORMATION REGARDING 66 
"BEST" RHO&T STORIES THAT WERE WRITTEN 
BY 87 DIFFERENT INDIVIDUALS. 



DURING EACH YEAR OF THEIR LIVES. THIS GRAPH 
IS BASED ON A TOTAL OF 797 POEMS BY 82 POETS. 

more of the “gold pieces” than do the 
older ones? 

Assume for the moment that the alleged 
genius is merely the product of his en¬ 
vironment, the instrument through which 
an idea or a creation receives expression. 
Why, then, are the thirty- and the thirty- 
five-year-old chemists, rather than the 
fifty- or the sixty-year-old chemists, so 
much more frequently the instruments 
through which the creation receives ex¬ 
pression ? Here certainly is a conundrum 
for the student of human behavior. The 
writer is not so rash as to pretend that he 
has entirely satisfactory answers to such 
queries as these. 

In considering the results that have 
been set forth here, the reader should not 
overlook the fact that large individual 
differences exist. 

It is certainly true that some individ¬ 
uals do their very best work when they 
are relatively old, and some do little that 
is really worth while until they are rela¬ 
tively aged. Therefore, if an individual 
has failed to make a chemistry contribu¬ 
tion by the time be has reached the age of 
35 or 40, it would be? quite erroneous to 
assume that he will never make a contri¬ 
bution. 

Eor the purpose of studying this the 
writer isolated data for 100 chemists, 
each of whom had made one contribu¬ 
tion only that was dated by Hilditch. 
The data for these 100 chemists reveal 
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Fio 10 Total contributions (by five-year 

INTERVALS) OF 244 CHEMISTS. - ACTUAL 

total;-Hypothetical total;_Per¬ 

centage OF THE ORIGINAL NUMBER OF CHEMISTS 
THAT REMAINED ALIVE AT SUCCESSIVE AGE INTER¬ 
VALS. Figures at right represent percent¬ 
ages. 

that 34 per cent of them made their first 
and only important contribution after 
they had passed age 40; 19 per cent, made 
their single contribution after they had 
passed age 50; and 5 per cent, did their 
first important research after they had 
passed age 55. One individual made his 
single noteworthy contribution at the age 
of 69! These individual differences sug¬ 
gest that it would be futile to attempt to 
ascertain the one chronological age level 
at which the chemist’s social and scientific 
usefulness is at an end. Indeed, there 
probably is no such age level. 

In Fig. 10 the solid line presents, by 
five-year intervals, the total number of 
contributions for the entire group of 244 
chemists. This solid line m Fig. 10 
made no allowance for the fact that more 
of the chemists were alive at some age 
levels than at others. In other words, 
Fig. 10 presents an undistorted picture 
of the actual number of contributions for 
each chronological age level. The dotted 
line m Fig. 10 presents the percentages 
of the original number of chemists that 
remained alive at successive age levels. 
This dotted line in Fig. 10 is so drawn as 
to be roughly comparable to the solid line 
in the following way. Had the living 
chemists contributed during their later 
years at the same rate as they were con¬ 
tributing from ages 30 to 34, inclusive, 
the solid line, which represents actual 


contributions, would have coincided with 
the dotted line which represents the per¬ 
centages of the original number of chem¬ 
ists that remained alive at successive age 
levels. 

The serious student of human behavior 
is, of course, not greatly interested in 
what might have happened under hy¬ 
pothetical conditions which did not 
actually exist. The psychologist is vastly 
more interested in factual data . Never¬ 
theless, as a means of focusing attention 
upon the recorded facts, it may be worth 
while to speculate for a moment with 
reference to what might have been. Be it 
remembered, however, that this specula¬ 
tion is merely a device that is here em¬ 
ployed for the purpose of presenting the 
true story of what really happened. 
With that fact firmly in mind let us pro¬ 
ceed. 

The dash-line in Fig. 10 is based upon 
the assumption that (had they lived) the 
deceased chemists of a given chronologi¬ 
cal age level would have contributed at 
about the same rate as did the group of 
living chemists of the same chronological 
age level. For example, at ages 65 to 69, 
inclusive, the deceased group was about 
70 per cent, as large as the living group. 
It is here assumed that if this group of 
deceased chemists had remained alive 
they would have increased the contribu¬ 
tion of the living group by about 70 per 
cent. Since, however, the contribution 
of the living group from ages 65 to 69, 
inclusive, was actually rather small, be¬ 
ing only 10 contributions, a 70 per cent, 
increase would have raised the total by 
only 7 contributions—hardly as much as 
might have been anticipated. 

If the foregoing assumption (that the 
deceased chemists of a given age level 
would have performed about like the liv¬ 
ing chemists of corresponding age level) 
is a valid one, the narrow band of space 
between the solid line and the dash-line 
in Fig. 10 represents that fractional dec¬ 
rement in scientific productivity which 
was due to the death of some of the chem- 
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ists. Fig. 10 thus enables us to make a 
rough hypothetical estimate of two things, 
namely, (1) the decrement in produc¬ 
tivity which was due to death, and (2) 
the decrement which was due to factors 
other than death. 

It will be noted at once that that decre¬ 
ment in scientific productivity which 
was due to death is relatively slight as 
compared with that much larger decre¬ 
ment which was due to factors other than 
death. If all the 244 noted chemists had 
lived until they were 80 years of age they 
probably would have made 57 more con¬ 
tributions than actually were made by 
them. This hypothetical increase amounts 
to slightly less than 6 j>er cent of the 
actual total of 993 contributions. If those 
chemists who actually did live to a ripe 
old age had continued during their later 
years to contribute at the same rate as 
they were contributing from ages 30 to 34, 
inclusive, the total number of their con¬ 
tributions would have been 1,782 instead 
of 993. This would have amounted to an 
increase of 80 per cent, over and above 
the actual total of 993 contributions. 

It was stated previously that the com¬ 
putation (80 per cent.) should not be 
taken too literally. We say this because 
society obviously can not lose that which 
it has never possessed. Moreover, the 
computation, 80 per cent., is based upon 
several unproven and unprovable as¬ 
sumptions. For example, this computa¬ 
tion assumes that the number of possible 
chemistry contributions is practically 
unlimited; and that a given contribution 


does not depend upon antecedent contri¬ 
butions and cumulative social gains. 
Granted that the figure, 80 per cent., 
represents no actual social loss, the fact 
remains that our hypothetical computa¬ 
tion demonstrates an actual and a very 
large decrement. 

To those who regard scientific informa¬ 
tion as the most precious asset that the 
human race has accumulated, the above 
findings will perhaps bring a feeling of 
regret. Such persons may wonder if 
steps might not have been taken for in¬ 
creasing the scientific productivity of the 
older men. It is theoretically conceivable 
that an educational foundation, or some 
wealthy individual, might relieve the 
more capable research men of their 
routine and other time-consuming duties. 
If it be assumed that the older men have 
not lost their ability to do outstanding 
research work, the problem of actually 
motivating them (and certain other prob¬ 
lems) would still remain unsolved It is 
not always an easy matter to motivate a 
child—or even a white rat. How, then, 
would we proceed if we wished to moti¬ 
vate a Stemmetz? Or the poet who com¬ 
poses beautiful and immortal lyrics? 
(See Fig. 9.) 

When he was thirty-five years of age 
Thomas A. Edison took out a total of 104 
patents during the course of a single year. 
If he had maintained that same pace dur¬ 
ing the remainder of his life Edison 
would have given to the world approxi¬ 
mately five times as many inventions as 
he actually contributed. Who would 


TABLE i 

Avbbage Number of Contributions Per Five-Year Interval* 


Type of 
contribution 


OA interval 

10- 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85- 
14 19 24 29 34 39 44 49 64 59 64 69 74 79 84 


Chemistry . 
Mathematics 
Physics .... 
Astronomy . 
Invention .. 
Short-story writing 
Great poetry. 


.005 052 .138 .165 154 .115 078 063 .044 .026 .014 .022 .000 .004 

.011 .041 .081 .090 096 .054 .045 .065 .045 .043 .034 030 .014 .031 

000 020 .047 .070 .043 .046 .047 .021 .020 .020 .005 .006 

003 003 .010 .039 036 .061 .045 .033 .023 .020 000 .016 000 ,000 048 

006 .031 .043 054 .052 .036 .021 017 009 .010 .003 .003 .000 003 

.001 .057 .175 .248 JH57 .218 .160 .122 ,130 .070 .106 .059 .037 .021 

.002 .041 .310 .434 .404 .197 .136 .133 .153 .136 102 .168 .161 .117 .234 .058 


The peak of each statistical distribution is underUned. 
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TABLE II 

Summary of Findings with Kbfbrbncr to 
Creativity 



Chemistry .. 244 993 35.95 38.08 10.45* 28-32 

Mathematics. 163 453 37.88 41.12 14.10 34-38 

Physics .... 90 141 38.00 39.84 11.05 80-34 

Astronomy . 63 83 44.20 45.09 12.00 43-47 

Invention .. 402 554 35.27 36.71 11.10 31-35 

Short-story 

writing .. 220 1,396 38 17 40 75 11.90 33-37 
Great poetry 82 797 32,86 38.18 15.75 26-30 

criticize Edison unfavorably because he 
failed to do this? And who would cast 
aspersions on the world’s most gifted 
chemists because of the decline in their 
productivity? Certainly, the present 
writer does not mean to imply that the 
scientist exists solely for the purpose of 
making scientific contributions. Indeed, 
this study makes no assumption whatso¬ 
ever as to what ought to be. Nor is this 
investigation concerned primarily with 
the problem of ability to do creative work. 
On the contrary, we are here dealing 
only with performance — the specific 
kinds of performance that have been set 
forth. 

Upon the basis of the foregoing data, 
what is one to conclude? Do the decre¬ 
ments in creativity at the older age 
levels imply a corresponding decrement 
in ability to create? Certainly not! It 
seems probable that outstanding poten¬ 
tial ability must be present in the indi¬ 
vidual who makes original and note¬ 
worthy contributions in any field. How¬ 
ever, potential ability alone does not 
guarantee accomplishment. Indeed, it 
is doubtful that genius is solely the 
fruit of any single trait. It is the be¬ 
lief of the writer that the fruits of 
genius are, on the contrary, a function 


of numerous integers, including both the 
personal traits of the individual worker, 
environmental conditions that are not 
too hostile, and the fortunate combina¬ 
tion of both personal traits and external 
conditions. If the foregoing hypotheses 
be valid ones, the following conclusion 
seems inescapable. At the older chron¬ 
ological age levels, some one or more 
of the numerous variables that are essen¬ 
tial to the fruition of genius tend either 
to wane or to disappear. At the present 
time we are not able to identify all the 
factors that enable a particular indi¬ 
vidual to exhibit genius. Therefore, in 
instances where the fruits of genius are 
lacking we are not able to state precisely 
which of the needed ingredients are want¬ 
ing. As regards the decrement that has 
been set forth herein, it can be said only 
that the decrement is probably due not to 
any single causal factor but rather to a 
complex group of undetermined causal 
factors. Any statement much more spe¬ 
cific than the foregoing would obviously 
be highly speculative and of doubtful 
validity. 

Note: Subsequent to the preparation 
of the above article the writer has con¬ 
structed age curves for more than forty 
kinds of endeavor. These curves serve 
to confirm the writer’s belief that gen¬ 
eralizations regarding the creative years 
need to be made with extreme caution. 
For example, it has been found that 
literary masterpieces of the first rank 
have been produced most frequently by 
authors who were from ages 40 to 44 
inclusive. This statement applies to the 
publication of books that are placed most 
often on “best books” lists. However, 
when the various types of literature are 
considered separately the peaks of pro¬ 
ductivity are found to vary rather 
widely. 



GALILEO AND SCIENTIFIC HISTORY 

By Professor LANE COOPER 
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Quite unexpectedly to me, some heat 
appears to have been aroused by a little 
book of mine called “ Aristotle, Galileo, 
and the Tower of Pisa,” a volume pub¬ 
lished last year by an emergent Uni¬ 
versity Press of Cornell University. The 
object of the book was to present the 
evidence concerning the alleged experi¬ 
ment or experiments of Galileo about the 
year 1590 from the tower of Pisa in 
public demonstration of an alleged mis¬ 
take by Aristotle with regard to falling 
bodies—namely, the supposed misstate¬ 
ment by him that, in falling, heavier 
bodies will move faster in proportion to 
their weight. The evidence, so far as it 
appears in languages other than English, 
is presented in translation and also in 
the original tongues; and, in particular, 
the requisite passages from works of 
Aristotle, passages which have hitherto 
not been confronted with the evidence 
from Galileo’s writings, or vice versa , 
are made accessible to the kind of reader 
I had in mind—the teacher, say, of 
mathematics, physics or the like, or the 
reader of 4 ‘scientific history” who has no 
ready access to the ancient and the mod¬ 
ern foreign languages or at all events 
none to the original sources of this tale 
concerning an ancient Aristotle and a 
modern Galileo. 

The passages I thought desirable to 
translate from the Italian of Galileo’s 
first “Dialogue Concerning Two New 
Sciences” (1637) and the Latin of his 
earlier treatises “De Motu” (about 
1590) are duly recorded and opened for 
the reader in my book. But in Nature 
(London), January 4, 1936, pp. 8-9, 
Professor A, S. Eve calls attention to 
passages from Galileo’s dialogue which 
might well have been quoted in my vol¬ 
ume. I should gladly consider including 


some part of the added quotations if 
another edition were called for, but must 
now remind the reader, first, that the 
passage on falling stones in the dialogue 
of 1637 echoes a much earlier passage of 
“De Motu” (see my page 50) in which 
Galileo about the year 1590 ironically 
talks of what would happen if two 
spheres of lead were let go from the 
moon; and, next, that the “Sagredo” 
of the dialogue, who says he has “made 
the test” with falling bodies and who 
represents views entertained by Galileo, 
is not to be identified with him. Galileo 
is referred to in the dialogue as an au¬ 
thority outside of it, “our Academician” 
( cf . the Edizione Nazionale of Galileo’s 
Works, Volume 8, page 54). “Sagredo” 
bears the name of an actual person, a 
friend of Galileo, He is a Venetian. 
Mr. Eve says, “It is certainly disconcert¬ 
ing to find Sagredo altering the height 
from 100 to 200 cubits,” that is, from 
the 100 cubits of “Salviati,” the other 
interlocutor who holds similar views on 
the fall of bodies from a height; we may 
note that whereas the tower of Pisa is 
178 feet high, the well-known tower at 
Venice is, or was, 323. If we are to 
go behind the imaginative dialogue in 
search of historical fact, should we not 
argue that the historical Sagredo at 
Venice, and not Galileo at Pisa, had in 
this instance “made the test”? It is 
better not to press the point; we may yet 
find the utterances of “Salviati” and 
“Sagredo” more vulnerable than some 
have thought. Contrary to the state¬ 
ment of “Salviati,” Aristotle does not 
say that “an iron ball of one hundred 
pounds falling from the height of one 
hundred.cubits reaches the ground be¬ 
fore a one-pound ball has fallen a single 
cubit.” He does not use that kind of 
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language at all. He does not say fall or 
ball or one hundred or cubits or anything 
of the sort; he states general laws of 
motion, using the Greek words to express 
the concepts of magnitude, shape, weight 
and proportion, and the letters of the 
Greek alphabet as we use A, B, C, D, 
rather than the quantities of arithmetic; 
and it is important to study what he does 
say before supplying any of his generali¬ 
zations with an example. “Salviati” 
goes on. “I say they arrive at the same 
time.” That is not true, as he imme¬ 
diately shows: “You find, on making the 
experiment, that the larger outstrips the 
smaller by two finger-breadths, that is, 
when the larger has reached the ground, 
the other is short of it by two finger- 
breadths ; now you would not hide behind 
these two fingers the ninety-nine cubits 
of Aristotle.’’ 

Behind those two fingers there are said 
to lurk laws, about the movement of 
heavier bodies through viscous media, 
out of which the qualified student of 
physics can make some defense of Aris¬ 
totle, considering his time and circum¬ 
stances, m his statements about lightness 
and weight, media and motion. Aris¬ 
totle says that the heavier body moves 
faster over an equal space than the 
lighter; that they move differently in 
proportion to their magnitudes or sizes 
and the density of the medium. As he 
expresses the proportion, it does not 
necessarily mean either ten to one, or a 
hundred to one, though it has been taken 
to mean both. Can it be both ? After 
all, “ Salviati’s” two fingers and “Sa- 
gredo’s” span express a proportion. 
And what about the ratio of 120 to 395 
which is noted at the end of the present 
article ? 

Aristotle says that a moving object 
cleaves the medium either by its shape 
or by the impulse which the body that is 
carried along or is projected possesses; 
the assertion sounds reasonable in these 
days of Big Berthas and streamlined 
cars and airplanes. He says that the 


downward motion of a mass of gold or 
lead or of any other body endowed with 
weight is quicker in proportion to its 
size, a statement to which we shall re¬ 
turn, for a diving airplane is clearly a 
body endowed with weight. He says that 
would not be true in a void; the Greek 
word is commonly taken to be the equiva¬ 
lent of our “vacuum”; it surely implies 
the absence of any medium to retard the 
moving body. Professor E. K. Rand 
tells me that Aristotle’s reasoning on the 
conduct of objects of different weights 
in a vacuum brought about a change in 
the atomistic theory: “After his remarks 
it was no longer possible to imagine that 
objects of different weights falling in 
parallel lines in a void would ever catch 
up with one another. ’’ Aristotle’s utter¬ 
ances as they have just been outlined are 
in support of his contention that the 
void, a perfect vacuum, is impossible. 
They have been assailed as if they were 
main, and not subsidiary, positions with 
him. They are supplied with chapter 
and verse in my book; and I hope that 
some master in physics will study them 
there or in Aristotle’s works, not with 
respect to the tower of Pisa, but, let us 
say, with respect to the fall of a dummy 
man from mid-air out of a diving air¬ 
plane. Since Aristotle does talk in “De 
Caelo ’ ’ of letting something go from mid¬ 
air, let us say it might mean from a 
height of 18,000 feet. 

As for Mr. Eve’s citation to show that 
Galileo knew what he was criticizing, 
there is ample evidence that Galileo read 
Aristotle. On this head, I resisted the 
temptation rather to quote extensively 
from the early treatise “De Motu,” 
which belongs to Galileo’s interval of 
teaching at Pisa, and reveals his study 
of Aristotle, anticipating his later at¬ 
tacks, and also to go into the question 
whether he consulted the “Physics” and 
‘ 4 De Caelo ’ ’ in Greek. Viviani says that 
Galileo took up the study of Greek in 
youth. Since he wrote Latin, however, 
Galileo doubtless often followed a pro- 
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cedure not without a parallel in our day, 
and, for economy of time, mainly re¬ 
ferred to the works of Aristotle in quite 
available Latin translations. 

A harsher critic, the learned Aldo 
Mieli, in a recent number of Archeion, 
pages 303-7, 2 takes my book to task for 
an ignorance of physics which it freely 
admits. Since I am supposed to be a 
student of language and literature, my 
personal interest lay in tracing the 
growth of a myth from a posthumous 
story about “repeated experiments” 
said to have been made in public by Gali¬ 
leo as a young teacher at Pisa, yet never 
referred to by him or any one else in 
all the controversies of his career; its 
growth, that is, into the now widely ac¬ 
cepted tale that by a single dramatic 
experiment he worked a revolution in 
physical science. No such miraculous 
change has been brought about in one 
day in any age by Galileo or another. 
Signor Mieli is perhaps unduly severe 
through a misunderstanding of some 
parts of the book which were hopefully 
meant to be humorous, but have fallen 
without prosperity on a Continental ear. 
But, apart from that, in Italian eyes of 
to-day it no doubt was a mistake to call 
a German, Wohlwill, the best authority 
on Galileo^ experiments at Pisa, or to 
join with him and Hugo Dingier in 
finding something odd about a passage 
where Galileo, at the approximate date, 
1590, of the alleged experiments, does 
speak of his observation of falling 
bodies; where in fact he says he has 
“often tested this”—namely, that, in 
free fall, wood starts off faster than lead1 
It seems to have been a queer traditional 
notion that certainly did not disappear 
as the result of “experiment” or “ex¬ 
perience” by Galileo. The Latin word 
experientia embraces both concepts. Can 
the passage on wood and lead rightly be 
used in support of the tale about the 

•The pages, not the whole number, have 
reached my publisher. 


alleged experiments from the leaning 
tower ? 

Favaro so uses it in an article on the 
credibility of Viviani’s Life (our source 
for the story of Galileo and the tower), 
in Archivio storico italiano, anno 73 
(1915), Volume 1, pages 340-3, where 
he attacks the position of Wohlwill. 
Bending to the criticism of Mieli, 1 cheer¬ 
fully direct attention to this article, but 
must call. attention also to Favaro’s 
article, not mentioned by Mieli, upon 
“some inexactitudes” of Viviani, ibid. r 
anno 74 (1916), Volume 2, pages 127-50. 
Much as we respect the learning and de¬ 
votion of Favaro, chief editor of the 
great National Edition of Galileo, we still 
recommend the scepticism of Wohlwill 
and Dingier on the point at issue The 
credibility in the main of Viviani’s Life 
does not depend upon our accepting one 
tale with an inherent improbability— 
that Galileo repeatedly made experi¬ 
ments from the tower in the presence 
of all the teachers and students at his 
university. 

If reputable authors of our generation 
accept this tale one from another, repeat 
it with absurd variations, take words 
from a dialogue of Galileo for the words 
of Aristotle and never look into Aristotle 
to see what he says and in what connec¬ 
tion, how are we to think of the critical 
standards of Viviani in the year 1654 f 
More than a century later, the competent 
William Bartram, American botanist 
and zoologist, can thus describe one 
party in an alligator-fight (“Travels,” 
1794, page 116): “His plaited tail 
brandished high, floats upon the lahe. 
The water like a cataract descends from 
his opening jaws. The earth trembles 
with his thunder.” Was his tail bran¬ 
dished high, or did it float? Aristotle in 
his “Poetics” notes how a story grows. 
He says that people like to add interest¬ 
ing details in the belief that it will 
gratify the listeners. Lives of Galileo 
and histories of science bear him out. 
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The end of the present article may like¬ 
wise illustrate that impeachment. 

Mr. Eve remarks: “No doubt Lane 
Cooper is correct in saying that Galileo 
was flogging a dead horse, and that many 
had already attacked the rash statement 
of Aristotle." And the passage from 
“De Caelo" about “the downward move¬ 
ment of a mass of gold or lead, "or of any 
other body endowed with weight,'' that 
it “is quicker in proportion to its size," 
he calls “very suggestive of [Aristotle's] 
erroneous view of falling bodies." Now 
my book tells of persons both before and 
after 1590 who are said to have made 
the like test, though I was not bent on 
mentioning any after 1606 save Coresio 
and Renieri; Eiffel is said to have experi¬ 
mented with all sorts of objects from his 
tower 984.25 feet high. I did not talk 
of “a dead horse," nor call any state¬ 
ment of Aristotle's “rash," nor think 
that what he says about the downward 
movement even of gold, to say nothing 
of any other body endowed with weight, 
would be erroneous if the medium 
through which it moved were dust and 
not air. But in my book I did go too far 
in holding that it is quite erroneous with 
respect to air, or such is my present 
notion in my very imperfect knowledge 
of physics. When writing my book, I 
believed with Galileo, Gregory, Hart and 
many another, that if you went to the 
top of the leaning tower and dropped a 
ten-pound weight and a one-pound 
weight, or a hundred-pound weight and 
a one-pound weight, when they reached 
the ground together, or nearly so, it 
would prove Aristotle wrong with re¬ 
spect to the downward movement of 
bodies through air. I went along with 
the experts who would let a teacher of 
English believe that it made no differ¬ 
ence whether the proportion between the 
bodies was ten to one or one hundred to 
one, whether the tower was 100 cubits 
or 200 cubits high, whether the bodies 
hit the ground simultaneously or with a 
slight interval in the times of alighting 


and whether that interval was two fingers 
or a span. I do recall being troubled by 
a discrepancy between Aristotle's use of 
algebraic symbols in “De Caelo" 3.2 and 
the subsequent reduction of them to 
arabic numbers. Now I wish to leave the 
question in the most capable hands, and 
refer all readers to the section entitled 
“Aristotle's Dynamics," pages 26-33, 
in the admirable edition of Aristotle’s 
“Physics" by W. D. Ross, Oxford, 1936, 
who says (page 29) : 

In fact, having observed accurately that 
motion through a denser medium is slower than 
through a rarer one, he makes the natural enough 
mistake of supposing that velocity and donsity 
ceteris paribus vary inversely; failing to notice 
that the relation which connected them might be 
more complex than that of inverse proportion. 
A better mathematician might, even in the 
absence of evidence, have noticed the possibility 
of this. 

The same writer mentions the corre¬ 
spondence of Hardcastle and Greenhill 
in Nature (92: 584-5, 1913-14; 93: 428, 
1914) on the terminal velocity of pro¬ 
jectiles, and on the bearing of that prob¬ 
lem upon the statements of Aristotle and 
Galileo. These letters came to my atten¬ 
tion after I had virtually finished the 
present writing; so also an unverified 
reference to motion-pictures of rain¬ 
drops, with the tempo of the pictures 
slowed so as to show how the larger 
and heavier drops pass the smaller and 
lighter in mid-air. 

Meanwhile are they who, in the face of 
weak evidence, still suppose that a theat¬ 
rical Galileo might well have ascended 
the tower, after due advertisement, to 
perform modem experiments with free 
fall before the mob—are they really hon¬ 
oring that great and good manf If 
Stokes and Rayleigh had lived in Gali¬ 
leo's day, wpuld either have lent himself 
to a display of the sortf As a person 
necessarily unversed in the latest phys¬ 
ical research, I yet humbly ask what sig¬ 
nificance should attach to an episode like 
that t Since publishing ihy book, I have 
heard of something mentioned above, 
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namely, laws respecting the movement 
of heavier and lighter bodies through 
viscous media, one of which laws appar¬ 
ently could be tested for “the downward 
movement of a mass of gold or lead, or 
of any other body endowed with weight, ’ ’ 
through air, somewhat better if you 
took the objects up in an airplane and 
dropped them from a point several miles 
high than if you dropped them from any 
celebrated tower in Italy. For me, so 
far as I can understand the law, it goes 
better with the statements of Aristotle 
than with the story of Galileo; better, for 
example, with the passage about “a bit 
of earth let loose in mid-air”—“the more 
there is of it the faster it moves.” Of 
course it is fun to feel wiser than Aris¬ 
totle, though the fun commonly entails 
a loss of historical perspective. It is also 
fun to go faster than anybody could in 
the days of Galileo. Herewith we reach 
our proportion of 120 to 395, and our ter¬ 
minal velocity. 

Our experimenter shall now be the late 
Mr. Collins, who wrote for The Saturday 
Evening Post (Philadelphia) of Febru¬ 
ary 9, 1935, and knew about free fall 
from personal experience. His article, 
here quoted by editorial permission, is 
entitled “Return to Earth, or Diving 
Ten Thousand Feet Straight Down.” 
We read (page 51): 

I did five speed dives first. These were to 
demonstrate that the ship would dive to terminal 
velocity. Contrary to popular opinion, a falling 
object will not go faster and faster and faster 


and faster. It will go faster and faster only np 
to a certain point. That point is reached when 
the object creates by its own passage through 
the air resistance to that passage to equal in 
pounds the weight of the object. When that 
point is reached, the object wUl not fall any 
faster, no matter how much longer it falls. It 
is said to be at terminal velocity. A diving air¬ 
plane is only a falling object, but it is a highly 
streamlined one, and therefore capable of a very 
high terminal velocity. A man falling through 
the air cannot attain a speed greater than about 
a hundred and twenty miles an hour. But the 
terminal velocity of an airplane is a lot more 
than that. . . . 

I went to eighteen thousand feet for the final 
one. ... I eased the throttle back, rolled the 
ship over m a half roll, and stuck her down. 
I felt the dead, still drop of the first part of 
the dive. I saw the air-speed needle race around 
its dial, heard the roaring of the motor mount¬ 
ing and the whistle of the wires rising, and felt 
the increasing stress and stiffness of the gather¬ 
ing speed. I saw the altimeter winding up— 
winding down, rather! Down to twelve thou¬ 
sand feet now. Eleven and a half. Eleven. 
I saw the air-speed needle slowing down its 
racing on its second lap around the dial. I 
heard the roaring motor whining now and the 
whistling wires screaming, and felt the awful 
racking of the terrific speed. I glanced at the 
air-speed needle. It was barely creeping around 
the dial. It was almost once and a half around, 
and was just passing the three-eighty mark. I 
glanced at the altimeter. It was really winding 
up now! The sensitive needlo was going around 
and around. The other needle read ten thou¬ 
sand, nine and a half, nine. I looked at the 
air-speed needle. It was standing still. It read 
throe ninety-five. You could feel it was terminal 
velocity. You could feel the lack of accelera¬ 
tion. You could hear it too. You could hear 
the motor at a peak whine, holding it. You could 
hear the wires at a peak scream, holding it. I 
checked the altimeter. Eight and a half. At 
eight I would pull out. 
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From the earliest times of history num- the side of a square on the diagonal, and 
her has fascinated man, and he has then the remainder of the diagonal on 
endowed it with mystical properties, the side, and so on, we will never find a 
Three, five, seven, ten and other num- small segment left over which will mea- 
bers have had potencies which man has sure those before exactly. It is easy to 
tried to use. Even to-day numerology see this is the case, for if we lay off the 
has its devotees, and among them many side on the diagonal and then draw from 
who are supposed to be enlightened, and this point a perpendicular to the diag- 
not all the devotees of mystical number onal to meet the side, it will cut off the 
are aware of their religion. How num- proper segment, and we then have again 
ber came into the consciousness of man a side and a diagonal of a square to com- 
no one knows. It is quite possible it was pare. That is, after two steps we are 
forced into his consciousness by the just where we started. A phyllotaxis 
rhythms of his daily life. The pulsing like this would go around and around, 
of his heart after a long chase, the but never would the terminal point be 
rhythms of his steady walk home, the just over the initial point. Pythagoras 
beat of waves on the shore, the succession knew of other irrationals, and they 
of day and night, the arrangement of the wrecked his philosophy, for he thought 
petals of flowers, the phyllotaxis of leaves the universe could be expressed in terms 
on a stem—these and many others would of ratios and integers. Even to-day 
inevitably be noticed and from them there are those who say the universe is 
would come the idea of the integer and simply the incarnation of mathematics, 
the ratio. After he learned how to add, In the flow of the centuries numerous 
subtract, multiply and divide he would irrational numbers were found, and as 
have noticed that his result would always the study progressed they became more 
be within his list of numbers. After the and more complicated. A wilderness of 
invention of negative numbers he would number sprang up, and there seemed to 
not be hampered in his subtractions, and be no basis for classification of them 
now he would have a complete field of which was not artificial. However, early 
number, the rational numbers, which in the last century, there appeared in 
would possess an endless system of France a turbulent young genius named 
rhythms. Every prime number would fivariste Galois. He had a stormy career, 
start a new set of ripples in the currents since he mixed up in the politics of the 
of his intelligence. In the course of time day. He was a great annoyance to his 
the classification of integers and ratios instructors, for he had too many original 
was completed. Thousands of theorems ideas, which they did not understand, 
have been found for them, and occa- and they were afraid of him. It is said 
sionally even to-day some one prints a that one day he heard of geometry. He 
new set of remarkable relations for cer- at once went to the library, found the 
tain numbers. treatise of Legendre, read it through in 

However, as early as the time of Py- the afternoon and threw it down with the 
thagoras it was known that there were remark that it was so simple there was 
numbers not in this list. If we lay off nothing to it. He died in 1832 at the 

168 



IRRATIONAL RHYTHMS 


169 


age of scant twenty-one, from a shot in 
a duel. The duel was evidently a frame- 
up of his enemies. The night before, 
he sat up all night writing out what he 
had found out about algebra, and left a 
thin memoir for a friend to publish. 
This has been the subject of much study 
ever since, and has been the spring from 
which have come many deep investiga¬ 
tions. One of the important things in 
it is the basis for classifying irrational 
numbers that come from algebraic equa¬ 
tions, and Galois also discovered the es¬ 
sential rhythms they possess, so that the 
wilderness has turned out to be really a 
landscape of wonderful designs. We will 
look at a simple example of what Galois 
was talking about, in order to under¬ 
stand what he said. 

Suppose we study the irrational num¬ 
ber which may be written in the form: 

B = V (2 + V2)(3+ V3) 

This is an answer to the equation 

x* = 24x* - 144x 4 + 288x* - 144. 

There are also seven other answers as 
follows: S, which is found by changing 
in R the sign in front of \/2 ; T, which 
is found by changing the sign in front 
of \/3~; and U by changing both these 
signs. Then the other four are V = - R, 
W = -S, Y = -T, andZ = -U. We shall 
see that there are very remarkable prop¬ 
erties connecting these eight numbers. 
In the first place, we can find that S is 
expressible in terms of R as a polynomial, 
thus: 

248 = - R* + 20R* - 60B* - 24B. 
Likewise we have 

lST^-lSR^SSB 

and 

12TJ s R» - 22R* + 102R* - 120B. 

Then the other four would be found from 
these by merely changing all signs. This 
is very remarkable, because usually if 
we solve an equation and find all the 


answers, we can not express them as poly¬ 
nomials in a single one. But, what is 
still more remarkable, if we start with 8 
in place of R, or with T, or with U, these 
same polynomial forms, written out in 
terms of S or of T or of U, will also give 
the entire set of numbers. In other 
words, these polynomial forms have the 
property that whichever number we start 
with, they will furnish all the numbers. 
In such a situation we call the set of 
eight numbers conjugates. To go fur¬ 
ther, if we write out the polynomial 
form for S in terms of S instead of R, 
and reduce the result, we would be sur¬ 
prised to find that the final result is - R. 
That is, 

24R = S’ - 208* + 60S* + 248. 

The same will be true for each of the 
other forms, that is, if we change the 
one for T by writing T instead of R, and 
reducing, we shall find in the end that 
it is also - R. The form for U written 
out in terms of U instead of R will also 
give, when reduced, - R. 

But we are not done with the problem. 
Suppose we write the form for S in terms 
of T instead of R, what will be the result T 
The answer is that when reduced it 
gives U. On the other hand, if we write 
S for R in the form for T, it reduces to 

- U. And now we see what else to look 
for. If we write U in place of R in the 
form for T we shall find upon reducing 
it that we have S. If we change this 
about and put T in U for R we shall have 

- S. Finally, if we put S for R in the 
form for U it reduces to T, and if we put 
U for R in the form for S it reduces to 

- T. This possibility of writing in any 
one of the four letters is certainly some¬ 
thing we might not expect at first. We 
see that putting in the other four will 
merely change all signs, for there are 
only odd powers of R in the forms, and 
the other four letters are the negative 
numbers for the first four. Since the re¬ 
sult of starting with R, constructing any 
polynomial and then substituting in it 
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some other letter for R, comes out one of 
the eight letters, and is therefore a poly¬ 
nomial in R, we evidently have a closed 
set of processes. The performance of 
any one and then writing in the result 
of some other gives us one of the proc¬ 
esses. We will see this better perhaps if 
we write out the things we have so far 
found out m a small table of the" effects 
of the eight processes. For simplicity 
we will call the construction of the poly¬ 
nomial which gives S, by a single letter I. 
Also the process which gives T we will 
call J, and that which gives U will be K. 
Then we will have to have a label for the 
statement R = R, and this will be E. We 
will also have to write for the process 
giving V, - E; for that giving W, ~ I; 
for that giving Y, - J; and for that giv¬ 
ing Z, - K. Then we have the table: 

E I J K 

I - E K - ,T 

J -K -E I 

K J - I - E 

This means, for instance, that the effect 
of doing the process J after we have done 
I will be ~K, or J after K will be I. 
That is, if we first get S then put it in the 
polynomial for T we will have - U or Z. 
Since this table gives also the products 
of the numbers used in quaternions 
called 1, i, j, k we call it a quaternion 
table. We say that the polynomials 
above form a quaternion group. And 
we call the original equation a quaternion 
equation, and the numbers R, S,... Z, we 
say belong to a quaternion field. We 
mean by that to say that the numbers 
arising from adding, subtracting, multi¬ 
plying or dividing these eight numbers 
will always be a polynomial in R and 
therefore equally also a polynomial in 
either of the eight. In short: the rational 
numbers compounded with any one of 
the eight numbers R, S,... Z, will always 
give a number which can be written 
rationally in terms of R or S or T, etc. 
Moreover, if we construct any poly¬ 
nomial whatever in terms of R, there will 


be similar polynomials in terms of S, T, 
etc., and the numbers they represent will 
be a set of conjugates, either eight dif¬ 
ferent numbers or four different or two 
different or all the same number. 

We are not done, however. For if we 
go back to R we see in it \/2, and \/3> 
and we might inquire: Are they ex¬ 
pressible in terms of R and then in terms 
of any other of the eight letters 1 The 
answer is: Yes. We find indeed that 

24 V 2 = - B f 4- 20B 4 - 60B\ 

Also 

12 V 3 = B f - 21B 4 + 84B* - 72 

We may further put in 

24 V6 = - B 1 + 24B 4 - 132B* + 144. 

This means now that any combination of 
rational numbers, these square roots, and 
any of the eight numbers may be reduced 
to a polynomial in terms of R, and there¬ 
fore in terms of S or the others. 

We are now in a position to say that 
as far as rational numbers and the three 
square roots above are concerned, all 
their combinations by the four processes 
of addition, subtraction, multiplication 
and division, and their combinations 
with the eight numbers which are the 
quaternion conjugates never arrive at 
anything but rational numbers and pow¬ 
ers of R, or of S, • • •. That is, in brief, 
R defines a Galois field of the quaternion 
type, every number in it being a poly¬ 
nomial in R. An equation like the one 
we started with is called a normal equa¬ 
tion and the field a normal field. What 
Galois said amounted to the proposition 
that all irrational numbers arising from 
algebraic equations are made up of num¬ 
bers belonging to normal fields. The 
entire list of algebraic irrationals, then, 
is classified into the types coming from 
the normal fields. The first problem is 
to find out what are the normal fields and 
what kind of equations are normal equa¬ 
tions. For instance, there are but five 
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types of fields, each of which has eight 
conjugates. The quaternion type we 
have just studied is one of the five. The 
normal equations for the other four are 
not complicated. For a field with a 
prime number of conjugates there is but 
one type, the cyclic. That means that if 
we form the polynomial from R for S, 
and then keep substituting in it the new 
conjugate, we shall come back at last 
to a form which reduces to R. For an 
example suppose 

R’ = 21R - 35, 

then we will have 

S = B' + 2R-14, T = SN 28-14, 

R = T* + 2T - 14 

For each type of normal field there will 
be a set of processes similar to I, J, K, • ■ • 
which when combined will give all the 
conjugates. A table of their combina¬ 
tions can be made out as we did above. 
Such a table gives us the results of com¬ 
bining the various processes that make 
up the Galois group belonging to the 
field. For each normal field there is a 
group. When we study the groups by 
themselves we find that for a given num¬ 
ber of processes N, there is possible only 
a finite number of groups, but we do not 
yet know whether in every case there is a 
field for any given group. For the pos¬ 
sible groups of order 8, we do have nor¬ 
mal equations, however, and we would 
expect any group to have a field belong¬ 
ing to it. If the group is studied as a 
problem in combinations we call it an 
abstract group. For every abstract 
group the corresponding Galois groups 
will be endless, but all with the same 
structure. We find then an underlying 
design in the order that gives us the 
varions combinations. And since all the 
conjugates may be considered as the 
various numbers belonging to a single 
entity we have unity in the structure of 
a normal field. In fact, the single num¬ 
ber is the one we call the hypernumber 


which is the complete root of the equa¬ 
tion. We can not enlarge on this. 

There is another feature which we will 
notice, since it explains something fur¬ 
ther which Galois said. If we arrange 
the terms of the equation above properly 
we may write it in the form 

(x 4 - 12x* + 12)’ = 6(2x*)*. 

This enables us to see that if we use not 
only rational numbers but the \/6, then 
we can take a square root of each side 
and the result is an equation of the fourth 
degree. It may be solved as a quadratic 
giving R in a square root form which has 
integers and \/6- In this form we may 
construct U in terms of R and we will 
find the polynomial form is cyclic of 
order 4. So also we might write the 
equation in the form 

(x 4 - 12x’ + 36)' = 2(6x* - 24)*. 

If we are allowed to use \/2, this also 
reduces to a fourth degree equation from 
which we can find R, and then S would 
be given by a polynomial which is again 
cyclic. And if we write the equation 
in the form 

(x 4 - 12x* + 24)' = 3 (4x' -12)' 

we could arrive at a cyclic quartic by 
using \/3. So we see what Galois meant 
when he said that if we could use 
rational numbers and another number 
properly chosen from an irrational field, 
we would be able to reduce the degree of 
the equation. 

We will now see what happens when 
we perform the eight processes in turn 
upon the entire set of eight conjugates. 
We can see this best in a series of dia¬ 
grams. We will use E to represent the 
original diagram, then I the one pro¬ 
duced by changing each letter according 
to what the polynomial I gives, likewise 
for J, and K, and we will write these four 
in the center of the figures. We have 
then the four diagrams-. 
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Y Y 

Z W 

W Z 

B T 

E 

I 

IT 8 

Y V 

R T 

8 U 

B Y 

8 Z 

U W 

Y B 

J 

K 

S Z 

V T 

T Y 

U W 

The reader will find it interesting to dis- 

cover the simple rule 

for shifting the 

letters. As a hint they change in pairs, 

always the same way. 

The effect of the 

processes - E, -1, - J, - 

- K will be shown 

in the following diagrams: 

T B 

U 8 

S XJ 

V Y 

- E 

-I 

Z W 

T B 

V Y 

W Z 

V T 

W U 

Z 8 

T Y 

-J 

- K 

W U 

B Y 

Y B 

Z 8 


The reader will find that each of the 
eight processes when repeated will ulti¬ 
mately bring back the original diagram. 
E of course will always give it. - E has 
to be used twice. The others four times 
around will come back to E. These are 
eight positions of eight dancers, which 
in the various shifts could be called the 
Quaternion Dance. There is a similar 
diagram for every normal field. We 
could also look upon these diagrams as 
representing flowers with the petals of 


different colors. A flower would belong 
to the field only if the petals were ar¬ 
ranged in one of the possible ways. In 
the case above the petals would have 
eight colors, and just eight possible ar¬ 
rangements, if it bloomed in the Galois 
quaternion field. 

What Galois saw and reported was this 
new type of beauty: the beauty of the 
irrational. It is remarkable that the vast 
array of algebraic irrationals can be re¬ 
duced to polynomials in terms of any 
selected primitive number from each of 
the different Galois number fields, and 
that the number of possible fields is after 
all not so very large, if we do not con¬ 
sider equations of too high a degree The 
list of normal equations is equally not 
so very large. Whatever algebraic equa¬ 
tion we have to solve, the problem 
amounts to finding what normal equa¬ 
tions we need in order to have the neces¬ 
sary fields from which come the irra¬ 
tionals in the final expression of x. For 
instance, to solve a quintic may require 
square roots and then numbers from a 
complicated field of order 60, called an 
icosahedron field. There are 60 conju¬ 
gates, none expressible in radicals, but 
from any one all of them may be found 
rationally. Will there ever be a Galois 
for the irrationals like rr which are not 
algebraic f The study of automorphic 
functions is a step in the right direction, 
and in series of orthogonal functions we 
make progress. So we may predict there 
will be another Galois for these irra¬ 
tionals. Let us hope for him a life which 
is not tragic. 
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If I take some table salt and mix it 
with water, the salt, as you all know, will 
disappear and I shall be left with some¬ 
thing that looks like water but is not 
nearly so pleasant to drink—in other 
words, a salt solution. You have all per¬ 
formed this experiment and may have 
wondered what became of the salt. For 
several centuries chemists have exercised 
their minds over this question, but they 
have not found a satisfactory answer. 
In the process, however, they have 
thrown considerable light on the nature 
of matter and incidentally of our own 
mechanisms—we shall not, however, 
dwell further on this point. 

Factors Affecting Solubility 

You know, furthermore, that if I take 
enough salt I shall reach a state when 
no more will disappear or dissolve and 
the salt solution will be “ saturated/’ 
The amount of salt which goes into the 
saturated solution is called its solubility. 
Different substances have different solu¬ 
bilities in water or other liquids. You 
also know that the solubility of a sub¬ 
stance changes with temperature. If, to 
make an eye lotion, we dissolve boric 
acid in boiling water we know that, al¬ 
though the solution is perfectly clear 
when hot, it will deposit a mass of crys¬ 
tals of boric acid after it has cooled. 
The solubility of boric acid in hot water 
is much greater than in cold water. 

What perhaps you do not know is that 
if I take a saturated solution of a sub¬ 
stance, keep its temperature constant and 
squeeze it with a very high pressure I 
shall be able to make the solution either 
deposit crystals or dissolve more. Gen¬ 


erally speaking, the former process will 
take place if I squeeze the solution hard 
enough. It is to this change of solubility 
with pressure that I wish to call your 
attention, telling you briefly how the 
subject is studied, what advances have 
been made and what consequences of gen¬ 
eral interest the work may have. 

Solubility in Relation to Pressure 

Prior to 1931 very little was known 
about changes in solubility under pres¬ 
sure. A few workers had made good 
observations, but the number of solutions 
studied was small and the pressures used 
comparatively low, not exceeding 1,500 
atmospheres or bars, i.e., about 22,500 
lb./sq. inch. 

In 1931 Dr. L. H. Adams of the Geo¬ 
physical Laboratory published the re¬ 
sults of a systematic study of the solubil¬ 
ity of common salt (sodium chloride) in 
water up to pressures of 16,000 atmos¬ 
pheres (240,000 lb./sq. inch). These 
were the first experiments of their kind 
ever made and were followed by investi¬ 
gations of the solubility of potassium sul¬ 
fate, ammonium nitrate and potassium 
iodide over the same wide range of pres¬ 
sures. I shall not enlarge upon the de¬ 
tails of these researches but will merely 
emphasize that each of these four sub¬ 
stances behaved in a seemingly highly 
individualistic way as regards its change 
of solubility with pressure. 

As will be seen in Table I, no features 
common to the behavior of all the four 
salts were immediately obvious. This 
was somewhat disappointing for, as I 
shall discuss later on, one of the objects 
of this work was to discover some general 
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TABLE I 

Solubility or Different Solids in 100 Grams 
or Water at Various Pressures 
and 25* C. 


Weight of solid dissolved in 100 




grams water 



■e 





Substance 

.. a, 






8| 

II 

1.000 

bars 

4,000 

bars 


10 ,<H 
bars 

Sodium chloride . 

35.9 

36.2 

38.3 

37.8 

36.9 

Potassium sulfate 

12 1 

16.0 

19.5 

18.2 

16.0 

Ammonium nitrate 

208 9 

161.0 

89 6 

59.5 

42 3 

Potassium iodide. 

148.0 

152.0 

161.0 172.0 181 0 


laws that might hold for changes in solu¬ 
bility in all solutions under pressure. 
Further study showed, however, that 
general features common to the behavior 
of the solutions of all these and of other 
salts were indeed present, but they lay 
below the surface and had to be dug out. 

How was this done 1 In the first place, 
I should say that although it is possible 
to determine directly how much of a 
given solid water or any other liquid 
dissolves under very high pressures, it 
is not always convenient or necessary to 
do so. The well-established science of 
thermodynamics shows us that in order 
to determine changes in solubility with 
pressure the only measurements we have 
to make under pressure are those of vol¬ 
ume changes—a relatively simple thing 
to do. Let us, therefore, consider for a 
moment how the volumes of solutions 
change under pressure. 

Method of Procedure 

If we take, say, water, put it into a 
strong oylinder and force a piston into 
the cylinder we shall generate a very 
high pressure and at the same time the 
water will shrink a small amount. This 
small shrinkage is called the compression 
of the water if the original volume is one 
cubic centimeter. If now, to the water 
we add some solid, say common salt, we 
shall find that, for a given pressure, the 


compression of the solution is less than 
that of the pure water. The difference 
is very small but highly significant, and 
the measurements must therefore be 
made with great precision. The stronger 
the solution the less does its compression 
for the same rise of pressure become. 

These small differences between the 
compressions of pure water and those 
of solutions of different concentrations 
up to the saturated solutions are all the 
measurements we need under pressure, 
and, when these are combined with 
quantities which arc measured at ordi¬ 
nary pressure, we obtain the solubility of 
the substance in water at different pres¬ 
sures. You will see, then, that if we 
find any law about how the volumes of 
solutions change with pressure we may 
immediately extend it to a slightly more 
complicated law about how the solubility 
of the dissolved solid changes with pres¬ 
sure. 

Law Governing Changes in Volume 
with Pressure 

For solutions in water we found such 
a law—it had been proposed over 40 
years ago by Gustav Tammann—a bril¬ 
liant idea which had been tested with 
the fragmentary data then available but 
not developed. This hypothesis sug¬ 
gested that water mixed with a solid (in 
a solution) behaves like water that is 
under a pressure greater than the exter¬ 
nal pressure, as if the salt pulled the 
water molecules closer together than they 
normally are. 

When this simple hypothesis is devel¬ 
oped we find that, if we know the com¬ 
pressions of water over the whole pres¬ 
sure range from 0 to 12,000 atmospheres 
(180,000 lb./sq. inch), and, if we deter¬ 
mine from measurements at low pres¬ 
sures the internal pressure that the salt 
appears to exert on the water, we may 
calculate the compressions of any of the 
solutions over this whole range of pres* 
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sure. When the results of these calcula¬ 
tions are compared with experimental 
observations we find excellent agreement. 

To summarize, therefore, we may say 
that it is in general possible to calculate 
the compressions of solutions of solids in 
water up to the highest pressures under 
which the solutions will exist simply 
from observations at low pressures. I 
should emphasize, however, that had it 
not been for the experiments on volume 
and solubility changes in solutions made 
at the Geophysical Laboratory we should 
still be in doubt as to the validity of 
Tammann’s hypothesis and any conclu¬ 
sions based thereon would be subject to 
suspicion. 

Returning to the main subject of this 
article, namely, the influence of high 
pressure on the solubility of a solid, we 
may state that this influence is in gen¬ 
eral larger than was previously expected 
and that in the case of solutions in water 
it may be predicted by the method I have 
outlined from considerations which in¬ 
volve only measurements at low pres¬ 
sures. I have sought to extend the re¬ 
sults to solutions in solvents other than 
water and have found the same conclu¬ 
sions to be true, but this work is still in 
progress. 

While the results I have just outlined 
are of some interest in themselves, I must 
confess that their main importance lies 
in their being one step towards the eluci¬ 
dation of larger problems. They have a 
direct bearing on the problem of the 
nature of liquids and on the forces of 
attraction and repulsion which exist be¬ 
tween the molecules of solids and liquids, 
an important subject which unfortu¬ 
nately can not be elaborated in this 
short article. 

The Problem of Rook Formation 

This work was undertaken primarily 
to provide a physicochemical basis from 
Which to attack the problem of rock for¬ 


mation under pressure. Let us return 
momentarily to the boric acid solution. 
We started with a hot, clear solution: it 
cooled to room temperature, became 
supersaturated and deposited solid boric 
acid. If we had cooled it further the 
water itself would have frozen and we 
should have been left with a solid mass 
of boric acid and ice. 

It is now generally accepted that the 
earth was once a liquid like the boric acid 
solution, only much hotter and infinitely 
more complex. As it cooled, it deposited 
complicated masses of crystals until 
practically all was solid, giving the rocks 
with which we are all familiar. In prin¬ 
ciple, then, the formation of rocks re¬ 
sembled the crystallizing of the boric 
acid solution, with this difference that, 
whereas the pressure in the boric acid 
solution was small, the pressures miles 
down inside the earth where rocks either 
crystallized or whither they sank imme¬ 
diately after solidifying are enormous, 
being measured in tens of thousands of 
atmospheres. If, then, we are to under¬ 
stand the way in which rocks were 
formed we must know not only the solu¬ 
bility of solid minerals in molten silicates 
at high temperatures, but also how this 
solubility is influenced by high pressures. 
It is possible to examine the behavior of 
minerals under high temperatures and 
pressures—indeed, such work is being 
done at the Geophysical Laboratory 
and elsewhere—but the technique is 
extremely difficult and very slow. 

Modern scientific theories of matter 
give encouragement to the belief that, 
if we find regularities in the behavior 
under high pressures of simple solutions 
that can be examined at room tempera¬ 
ture, the results may be modified and 
applied with success to other solutions 
at higher temperatures. With this in 
mind we are attempting to prepare a 
background of knowledge of the behavior 
of solutions under pressure in the way I 
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hare described to you, but, while I be¬ 
lieve that this background will prove of 
fundamental importance in solving some 
of the problems of rock formation, I do 
not want to give you the impression that 
this application of the results is immedi¬ 
ately possible. Much more work will 
have to be done. 

The Temple op Science 

The advance of our understanding of 
nature may be likened to the building 
of a magnificent edifice, such as a cathe¬ 
dral ; we are building an intangible tem¬ 
ple of organized knowledge. All the 
facts, like the building stones, must be 
quarried from nature with much labor; 
they must be hewn and polished, sculp¬ 
tured and fitted together to form the 
various members of the building. By the 
genius of some master mind or architect, 
these members are gathered into a beau¬ 
tiful and stable structure, which not only 
delights the mind but withstands the 
onslaught of time. 

The building of this temple of science 
proceeds steadily, but only occasionally 
does its progress catch the eye or appeal 
to the popular imagination. A new or 
startling type of fact wrested from stub¬ 
born nature arouses our interest, we 
catch to some extent its importance, 
above all it arouses our curiosity. When 
a tower or some outstanding feature of 


the building is completed, when some all- 
embracing theory such as the theory of 
relativity links together many members 
of the structure, the world at large looks 
on with interest and amazement. Be¬ 
tween the new types of facts and the 
finished tower there is a large gap. The 
tower rests on foundations hidden from 
the average person. If the structure is 
to stand the test of centuries, these foun¬ 
dations must be systematically and care¬ 
fully laid, each stone must be carefully 
examined, hewn and fitted accurately 
into place. This part of the work of 
building is what distinguishes modern 
science from ancient philosophic specu¬ 
lation. 

In the finished temple of science the 
work I have just described may form 
one of the courses of blocks deeply hid¬ 
den in the foundations of a tower or 
buttress. I have tried to show you how 
the stones were quarried, polished and 
fitted together. 

And why should we work to build this 
non-material temple of organized knowl¬ 
edge, why did Andrew Carnegie, whose 
one-hundredth birthday we have just 
celebrated, give so liberally of his sub¬ 
stance towards its advancement f Surely 
it is to the end that ignorance and super¬ 
stition at least may not impede us, our 
children and the generations yet unborn 
from living richer, freer and grander 
lives. 
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THE PRESSURE APPARATUS 


WHICH ENABLES THE INVESTIGATOR TO RECORD ACCURATELY THE BEHAVIOR OF SOLUTIONS UNDER 
PRESSURES THAT ARE COMPARABLE TO THOSE IN NATURE WHEN ROCKS ARE FORMED. 
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ARTHUR AMOS NOYES, AN APPRECIATION 


The death of Arthur Amos Noyes, 
which occurred at Pasadena on Wednes¬ 
day, June 3, removes from the scene one 
of the outstanding figures of American 
chemistry during the past half century. 
His scientific career covered the entire 
period from 1886 to 1936. An evaluation 
of Noyes’s contribution to American 
chemistry can be made only in the light 
of the history of chemical science in 
America during that time. When A. A. 
Noyes was graduated from the Massa¬ 
chusetts Institute of Technology in 1886, 
chemical research in America was almost 
unknown. It is true that Remsen’s 
Laboratory at the Johns Hopkins Uni¬ 
versity had, then just recently been 
founded an opportunity was there 
afforded Americans to acquaint them¬ 
selves with research methods in chem¬ 
istry, an opportunity of which a number 
of eminent American chemists took ad¬ 
vantage But, by and large, chemical 
research in America was confined to a 
very few individuals who struggled on 
under highly disadvantageous conditions 
and whose work attracted but little 
attention among their contemporaries. 
American universities at that time did 
not consider that the fostering of re¬ 
search was one of their primary pur¬ 
poses. 

Although Noyes’s early contact with 
chemistry lay in the fields of analytical 
and organic chemistry, fields, moreover, 
which he continued to cultivate—par¬ 
ticularly, the former—throughout the 
rest of his life, he was innately a physical 
chemist. Although he w r as not especially 
trained in physics and mathematics, he 
had a natural physical sense which en¬ 
abled him to analyze problems from the 
physical point of view, to devise experi¬ 
ments to answer crucially important 
questions and to carry out these experi¬ 
ments with a precision Which went be¬ 


yond that of other experimenters en¬ 
gaged in the same fields. Coming under 
the influence of Ostwald, at Leipzig, he 
returned to America to found the new 
subject of physical chemistry, although 
for a number of years he continued to 
teach organic chemistry at the Massachu¬ 
setts Institute of Technology. 

It is not possible to enumerate here the 
many important contributions that A. A. 
Noyes made to physical chemistry. It is 
illuminating, however, to point out that 
one of his earliest contributions was the 
enunciation of what has come to be 
known as the ‘ 4 Solubility Product Prin¬ 
ciple.” Prior to that time, it w>as sup¬ 
posed that in a solution of an electrolyte 
the concentration of undissociated mole¬ 
cules remained fixed so long as the com¬ 
pound remained present as solid phase. 
Noyes recognized that, if this were true, 
it must also be true that the product of 
the concentrations of the ions under the 
same conditions must remain constant 
The solubility product principle proved 
much more useful than the principle of 
the constancy of concentration of the 
unionized molecules and we now know 
that the solubility product principle is, 
in fact, true, while the alternative prin¬ 
ciple seems to have no foundation in fact, 
since the concept of a neutral molecule 
has no meaning in the case of solutions 
of electrolytes or, indeed, in the case of 
solid electrolytes. 

The application of the solubility prod¬ 
uct principle to the problems of analyti¬ 
cal chemistry led to most important 
results, and Noyes was among the fore¬ 
most in applying these principles to 
analytical problems. Indeed, through¬ 
out his life, Noyes actively cultivated the 
field of analytical chemistry and lus 
monographs written with Sherrill and 
with Bray are authoritative at the pres¬ 
ent time. 
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During the latter years of the nine¬ 
teenth century and the early years of the 
present century, the problem of electro¬ 
lytes was one of the foremost engaging 
the attention of physical chemists In 
spite of the success of the ionic theory 
in many directions, its failure in the case 
of strong electrolytes was recognized at 
an early date. Noyes was foremost 
among the many investigators who bent 
their energies to the elucidation of this 
important problem. While the ultimate 
solution was not reached by Noyes or any 
other physical chemist, nevertheless, the 
exact data which Noyes and his co-work- 
ers collected cm equilibria, solubilities, 
conductances, freezing points and trans¬ 
ference numbers of electrolytes paved the 
way for the final solution, which was 
provided only a dozen years ago by 
Debye and Hiickel and Onsager. In the 
experimental field, Noyes went beyond 
the workers of his day. He was par¬ 
ticularly active in investigating the prop¬ 
erties of aqueous solutions of electrolytes 
at high temperatures, and the work 
turned out under his direction in the 
Research Laboratory of Physical Chem¬ 
istry at the Massachusetts Institute of 
Technology remains practically the only 
available source of information in this 
important field. 

Greatly as Noyes was devoted to re¬ 
search, he was equally outstanding as a 
teacher. His lectures, whenever and 
wherever given, were models. It was due 
to Noyes more than to any other one man 
that the method of teaching physical 
chemistry in America was revolutionized. 
He constantly emphasized the impor¬ 
tance of general physical principles and 
illustrated their use and application by 
the problem method. To-day, practi¬ 
cally all texts of physical chemistry fol¬ 
low the method introduced by A. A. 
Noyes. 

If Noyes was outstanding as an inves¬ 
tigator and as a teacher, he exerted a still 
more profound influence upon American 


science as a research director. Noyes 
early recognized the need of training 
prospective chemists in the way of re¬ 
search, and he recognized, in addition, 
that such training could be afforded only 
in a properly equipped laboratory. 
Through his own exertions, he founded, 
at the Massachusetts Institute of Tech¬ 
nology, in 1903, the Research Laboratory 
of Physical Chemistry which has served 
as a model of research laboratories 
throughout the United States, if not 
throughout the world. Here, for the first 
time in America, an opportunity was 
afforded young investigators to carry out 
their researches in a well-equipped labo¬ 
ratory and under conditions that were 
ideal. In no other laboratory in the 
country was it possible at that time for 
young men to engage in their own re¬ 
searches without the need of eking out a 
living by undergraduate instruction or 
by other means. Noyes introduced the 
idea of post-doctoral fellowships They 
were not knowm as such then but were 
called research associateships. At the 
research laboratory, Noyes also intro¬ 
duced research assistantships for young 
men who had not already attained the 
doctorate. 

The research laboratory was not a 
place where young men came to get direc¬ 
tion, but rather a place where they came 
to carry on research. They came not 
merely to work under the immediate gui¬ 
dance of any one individual, but, w ? hen 
they were adequately equipped and had 
adequate research programs, they were 
afforded an opportunity to carry on their 
own researches in an independent 
fashion. The success of the research 
laboratory under the direction of A, A. 
Noyes is attested by the large number of 
eminent chemists who once were asso¬ 
ciated with that laboratory; such as G. 
N. Lewis, W. C. Bray, R. C. Tolman, 
W. D. Harkins, F. G. Keyes, E. W. 
Washburn, John Johnston, to mention 
only a few. The old roster of the re¬ 
search laboratory now reads almost like 
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a membership list of the National Acad¬ 
emy of Sciences. 

Arthur Amos Noyes was an ideal direc¬ 
tor. While he kept in touch with the 
w r ork of men engaged on his own prob¬ 
lems, he. nevertheless, gave them com¬ 
plete independence in carrying out such 
work. In the case of others, who were 
working on their own problems, Noyes 
always exhibited helpful interest, but 
never interfered with the individual in¬ 
vestigator, every worker in the labora¬ 
tory not only had an opportunity to solve 
his ow ? n problems, but it was expected of 
him to do so. It w T as this impersonal 
point of view’ w r ith regard to the problems 
m the research laboratory that contrib¬ 
uted perhaps more than any other factor 
to the success of the laboratory. Yet 
Noyes was always interested in the men 
themselves and was ready to help them 
on every occasion. 

After 1915. Noyes became associated 
with the Throop Polytechnic Institute, 
which, through his efforts in conjunction 
with those of George E. Hale, was ulti¬ 
mately converted into the present Cali¬ 
fornia Institute of Technology, Here 
again. Noyes showed his outstanding 
ability as a scientific organizer. No one 
who has watched the development of the 
California Institute of Technology or of 


the Gates Chemical Laboratory of that 
institution can fail to see the influence 
of Noyes’s keen insight. Noyes leaves 
behind him at the Massachusetts Insti¬ 
tute of Technology and at the California 
Institute of Technology two living monu¬ 
ments to his imperishable fame as 
founder of American physical chemistry. 

Although Noyes spent much of his 
energy in organizing the research labora¬ 
tory at the Massachusetts Institute of 
Technology, he, nevertheless. was always 
active in research. While many of these 
researches w r ere carried out with the aid 
of collaborators, Noyes himself con¬ 
stantly supplied ideas and invariably 
was the most severe critic in the analysis 
of the final results. His devotion to 
research is well illustrated by the fact 
that during the last two years of his life, 
when suffering from the aftermath of 
several painful operations, he continued 
his work on “ Argentic Halts m Acid 
Solution,” the results of which investi¬ 
gation were published in three papers 
appearing in the 1935 issues of the Jour¬ 
nal of the American Chemical Society. 

Active to the last, A A. Noyes leaves 
behind him a heritage of rich accomplish¬ 
ment ; his works live after him to do him 
honor and to benefit mankind. 

Charles A. Kraus 


THE AWARD OF THE FRANKLIN MEDALS TO DR. KETTERING 

AND DR. JEWETT 


Tite Franklin Medals were presented 
at the annual Medal Day exercises of the 
Franklin Institute in Philadelphia on 
the afternoon of Wednesday, May 20. 
This year the recipients were two Ameri¬ 
cans who have greatly influenced the 
lives of their fellowmen by their genius 
for invention: Dr. Charles Franklin 
Kettering, of the General Motors Com¬ 
pany, and Dr. Frank Baldwin Jewett, 
of the Bell Telephone Laboratories. 

The award to Dr. Kettering was based 
upon “his significant and timely contri¬ 
butions to the science of automotive en¬ 


gineering—a science out of which has 
grown the greatest industry in this coun¬ 
try, the manufactured product of which 
has, in only a quarter of a century, 
changed the face of the civilized world.” 

Among the inventions listed as the 
reason for the award may be mentioned 
his first, a small electric motor powerful 
enough to rotate automatically the 
mechanism of a cash register. His next 
important contribution, which changed 
and increased the usefulness of the auto¬ 
mobile, was his idea of an electric self¬ 
starter for automobiles. The automobile 
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DR. CHARLES FRANKLIN KETTERING 


companies of that period (1911-1912) 
were not at all enthusiastic about his pro¬ 
posals, but an accident to the close friend 
of the president of one of these com¬ 
panies, caused by cranking a car, gave 
Kettering the opportunity to demon¬ 
strate how cranking could be eliminated. 
In 1912 Ins invention was awarded the 
Dewar Trophy by the KoyaJ Automobile 
(Hub of London for the greatest advance 
by any motor car maker during the year. 

Other outstanding inventions and de¬ 
velopments include “Delco-Light,” an 
electric power plant especially designed 
for farm and rural residences; Frigid- 


aire, of which company Mr. Kettering 
is vice-president; and several others de¬ 
veloped under the name of the General 
Motors Research Corporation, of which 
Mr. Kettering is vice-president and di* 
rector. In the report upon which the 
award is based, his research which re¬ 
sulted in 44 Ethyl gas” is also men¬ 
tioned. 

The presentation of a Franklin Medal 
to Dr. Frank Baldwin Jewett was given 
44 in recognition of his many important 
contributions to the art of telephony, 
which have made conversation possible 
not only from coast to coast, but from 
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PR FRANK B JEWETT 


this country to the other side of the 
world—contributions of which some were 
made by him alone and some by him in 
collaboration with other workers in the 
great laboratory of research which he 
organized and which he has directed with 
such signal success.” 

Dr. Jewett began his work with the 
American Telegraph and Telephone 
Company in 1904 At this time the tele¬ 
phone field was on the threshold of a 
great expansion and the value of scien¬ 
tific research was just beginning to be 
appreciated. Dr. Jewett was called upon 
to organize a research laboratory to aid 


in the solution of the many problems 
involved in the extension of long distance 
lines from coast to coast in the United 
States, and in 1915 this was accomplished. 
This phenomenal extension of commer¬ 
cial telephone service was accomplished 
by the introduction of phantom loading 
and the loading of large-gauge and open 
wire eircuils, among other things. By 
the end of 1915 it was possible to trans¬ 
mit speech across the Atlantic Ocean. It 
was twelve years, however, before com¬ 
mercial telephone service was opened be¬ 
tween England and the United States. 
These achievements were the direct out- 
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come of the scientific work carried on in 
the laboratory under Dr. Jewett. 

The Franklin Medal, the highest 
award for physics in the United States, 
was founded in 1914 by Samuel Insull, 
of Chicago. It is ordinarily awarded to 
one outstanding American and a scientist 
from some foreign country. TJiis year, 
however, the committee recommended t he 
awards to the two Americans mentioned 
above. 

Medal Day was instituted by the late 
Dr. Howard McClenahan in 1926, and 
has become one of the important events 
in the recognition of accomplishments in 


the field of science. It brings together in 
Philadelphia internationally known sci¬ 
entists and diplomats and thus pays 
tribute to the workers in the laboratories 
as well as the engineers of great adminis¬ 
trative ability. 

The Franklin Medal is awarded “to 
those workers in physical science or tech¬ 
nology, without regard to country, whose 
efforts, in the opinion of the Institute, 
acting through its Committee on Science 
and the Arts, have done most to advance 
a knowledge of physical science or its 
application.” 

E. D C. 


THE SIGMA XI SEMI-CENTENNIAL 


Commemorating the founding at Cor¬ 
nell University fifty years ago of the 
Society of the Sigma Xi, nearly seven 
hundred scientists, research workers and 
guests from all over the country came to 
Ithaca on June 19 and 20. Included 
among them were Dr. Frank Van Vleek, 
of Washington, D. C , William A Moss- 
crop, of Hempstead, N. ¥\, and John 
Kmckerbacker, of Troy, N. Y., three of 
the men who, while at Cornell University, 
founded the organization The only 
living founder not present was Professor 
Emeritus Charles B. Wing, of the class 
of ’86, of Stanford University, whose 
greetings were brought by Dr. William 
F. Durand, president of the national 
society. 

The American Association for the 
Advancement of Science had adjourned 


its meeting in Rochester earlier in Die 
week to Ithaca. From the first address 
by its president, Professor Edwin G. 
Conklin, of Princeton University, follow¬ 
ing President Farrand’s welcome, the 
tenor of the meetings was the importance 
of scientific research lo social progress. 
Again and again, eminent speakers 
pointed out that, great as has been the 
progress of science in the past, the very 
foundations of civilization depend upon 
the continuance of research, unhampered 
and adequately supported. 

Dr. Conklin emphatically denied that 
science is in any way responsible for 
unemployment and other difficulties of 
to-day, but showed rather that the ills 
of modern society are the result of the 
“frustration of science” by the modern 
social order. He listed some of the 


THE 8IGMA XI MEMORIAL TABLET 



THE PROGRESS OF SCIENCE 


185 



DR. HENRY 8. WILLIAMS 
First President of the First Chapter of Sigma Xi 


startling contrasts between the status of 
knowledge and present conditions, to 
show graphically the “conflict between 
progress and stagnation, knowledge and 
conduct, science and the social order ’ ’ 

Dr. Durand, responding to the ad¬ 
dresses of welcome, recalled that in the 
last twenty-five years Sigma Xi has 
grown from a constituency of 7,500, 
largely within the United States, to 
35,000, engaged in scientific research in 
fifty-five countries. 

Dr. Van Vleck, recalling the inception 
of the society, gave credit to two classi¬ 
cists, whose names had not before been 
mentioned, for an important part in the 
founding of Sigma Xi. Van Vleck and 


Wing, technologists, were often consoled, 
he said, by their two room-mates, George 
L Burr and Charles II. Thurber, because, 
“soaked in science” as they were, the 
two engineers could not be elected to Phi 
Beta Kappa. In reply, both Wing and 
Van Vleck predicted that a new society 
for scientific men would arise. Such a 
one was definitely suggested to him, he 
said, by Day as the two toiled up the hill 
from town in the spring of 1886. Dr. 
Van Vleck also revealed, for the first 
time, that it was Burr who first suggested 
using Greek letters for the name of the 
new society and who evolved its Greek 
motto, later approved by Professor 
Henry Shaler Williams, first president of 
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THREE FOUNDERS OF SIGMA XI WITH THE PRESENT PRESIDENT 
Left to right. William A. Mosborof, John Knickekbaoker, Dr. Frank Van Vlkih and 

I)r. William F. Durand 


the society. Van Vleek and the other 
two founders present were honored at 
a reception in Willard Straight Hall on 
Friday afternoon. 

In the great Memorial Room adjoining, 
throughout the two days, was set up a 
research exposition of twenty-five strik¬ 
ing demonstrations of some of the 
research being carried on at Cornell Uni¬ 
versity by the younger members of Sigma 
Xi. Just inside the door were displayed 
in glass cases some of the original records 
and other items of historical interest of 
the society. 

Dr. Karl T. Compton, president of the 
Massachusetts Institute of Technology, 
speaking on “The Service of Sigma Xi in 
the Universities of the Future/’ pointed 
out that “the geographic pioneer is now 
supplanted by the scientific pioneer, 


whose tlirill of discovery or urge for 
reward is no less keen and whose fields 
of exploration are probably unlimited. 
Without the scientific pioneer, our civili¬ 
zation would stand still and our spirit 
would stagnate; with him, mankind will 
continue to work toward his higher 
destiny “ From his experience of two 
and a half years as chairman of the 
♦Science Advisory Board, set up by the 
President and disbanded last December, 
the speaker described the scientific work 
carried on by the government and reiter¬ 
ated a recommendation made by the 
board to the President and not yet acted 
upon, for the establishment of a per¬ 
manent scientific advisory council for the 
coordination and general supervision of 
the government’s scientific work in non¬ 
military departments. Speaking of 
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science in industry, he showed that those 
industries which have liberally supported 
research have been financially more pros¬ 
perous than those which have not and 
advocated that technically trained men 
be given an increasing share in the indus¬ 
try’s management. Educational institu¬ 
tions, Dr Compton said, offer the greatest 
opportunity for the search for truth : 

Scientific dwcoverioH arc the «eed<* of industry 
and public welfare, and the universities are the 
nurseries in which they are produced and nur¬ 
tured to the point when* some of them can be 
transplanted into the field* of industry I once 
likened new industries to babies* they need 
sheltei and nourishment, which they take in 
the form of patent protection and financing 
But, before all, they need to be born, and their 
parents are science and invention Neither laws 
nor committees, nor juggling acts, nor wishful 
thinking can perform the first necessary step of 
conception. To maintain and advance our civili¬ 
zation we need more and better scientific seeds, 
and industrial babies The educational malitn 
tions of higher learning are the birthplaces of 
this new knowledge, as well as the training anil 
proving gi ounds for the young men and women 
who will carry this knowledge on and put it to 
practical use 

The speaker urged that opportunity 
for science depends greatly upon 44 over¬ 
coming the instinctive prejudice of the 


scientist against having his work pub¬ 
licized.’ ’ 

Dr. Max Mason, president of the 
Rockefeller Foundation, speaking on 
44 Science and the Rational Animal,” 
traced the spirit of learning through the 
three centuries since it came into being. 
44 Man’s real problem is himself,” he 
said, citing the disturbances in physical 
and mental health which have come with 
civilization and how they are met with 
knowledge. Advocating the objective 
approach to the arf of living, devoid of 
personal prejudice, Dr Mason invited 
membership in a new organization, 
Alpha Omega, dedicated to the scientific 
way of living; its password, 44 How do 
you know’ it?” followed by the question, 
44 What of it?” 

44 The Alpha Omegas are not univer¬ 
sally popular,” he said, 44 for they take 
an aggressive attitude toward some of the 
foibles of their friends. They do this 
because they believe that little things add 
together to make large things, and that 
mental attitudes are contagious. . . . 
They do not keep their passwords secret; 
they use them every day. . 

4 4 We can not be true to the spirit of 
science in our laboratories and false to 







188 


THE SCIENTIFIC MONTHLY 


it in our lives. We can not have faith in 
the rationalization of life without seeking 
to promote it. In that effort we must not 
overlook the obvious because it is so 
simple.” 

A symposium on Saturelay morning on 
the accomplishments arid future of 
science, with Dr. Willis R. Whitney, vice- 
president of the General Ele<rtrie Com¬ 
pany, in charge of research, speaking for 
the physical sciences, and Professor 
Prank R. Lillie, of the University of Chi¬ 
cago, speaking for the biological sciences, 
brought agreement that by its very 
nature, the future of scientific discovery 
is essentially unpredictable. They 
agreed, however, that ‘‘without research 
there is no increase in knowledge and no 
progress in ideas,” and that the lesson 
for society is to support free and inde¬ 
pendent research and to have abiding 
faith in the future results ” 

Dr. Whitney said: 

There arc no little or big discoveries to be 
made, but only true ones. , . . Tf industrial 
research were done by more and better people, 
we should have less unemployment, and perhaps 
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none. . . . Research is the result of childlike 
inquisitiveness, and we are likely to check that 
inquisitiveness, as we do a child’s, because we 
are lazy. . We almost need to provide more 
* 1 accidents, ’ ’ for it is frequently the unexpected 
effect which drives a researcher into a new and 
productive field. . ♦ . Scientific research is fish¬ 
ing with a tiny scoop-net in oceans of unfathom¬ 
able depth and infinite area. We make the nets 
ourselves. Our catches often make a disordered 
pile, but we may orient them and fit them to¬ 
gether as we do jigsaw puzzles. Then some one 
may give our puzzle one more dimension, like 
depth, and then w r e have a new necessity. . . . 
1 doubt if it is recognized that the average 
research worker is a healthy, justified kind of 
unselfish communist. Tie aims at everything and 
works for everybody He pays personally for 
the spread of his propaganda, and broadcasts 
freely all his home grown produce, , . . The 
expense to a good worker may exceed several 
hundred dollars a year. The better he does it, 
the more it costs him. . . . When all is said 
and done, there is only one thing worth advanc¬ 
ing, and that is the mentality of the man. 

Sigma Xi semi-centennial research 
prizes of $1,000 each were presented, for 
work in the biological sciences to Dr. 
Richard E. Shope, of the Rockefeller 
Institute for Medical Research at Prince¬ 
ton, N. J., and for work in the physical 
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THE PRESENTATION OF THE MEMORIAL TO PROVOST MANN OF CORNELL 

UNIVERSITY 


sciences to Professor Isidor L Rabi, of 
Columbia University. Eighty-five candi¬ 
dates were nominated by the chapters 
and clubs of Sigma Xi. In making the 
awards, Dr. Durand explained that the 
field of choice comprised “ those already 
engaged in research and with notable 
work accomplished, but who might not be 
considered as yet having arrived at the 
full measure of their stature in science”; 
and that the awards were made 4 ‘as a 
stimulus to research in progress and in 
the future, rather than as a reward for 
past and completed accomplishments.” 
Dr. Shope's award is for work done on 
the etiology of swine influenza, particu¬ 
larly for determining the dual nature of 
the disease and thus establishing a prin¬ 
ciple which it is believed will have wide 
application in the control of infectious 
diseases. Dr, Rabi was recognized for 
his work on molecular beams and espe¬ 
cially on the magnetic moments of the 


proton and deuteron, and because of the 
promise that this work holds for the 
future. 

On Saturday morning, in the presence 
of three of the founders, Dr. Durand 
unveiled and presented to the university 
a memorial tablet, bearing the inscrip¬ 
tion : 

The Society of the Sigma Xi 
Devoted to Research in Science 
Has Placed This Tablet Here 
On its Fiftieth Anniversary 
To Commemorate the Founding 
At Cornell University 

1886 me 

The tablet is set in a monument of 
Indiana limestone, erected by the univer¬ 
sity, with a stone bench at either side 
and a stone terrace before it. Set in a 
bay in the shrubbery near the southwest 
corner of Sibley College, it overlooks the 
main quadrangle. The bench was de¬ 
signed by Professor Alexander D. Sey- 
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mour, architect, and the tablet by Pro¬ 
fessor Harry P. Camden, architect 
Accepting the memorial, Provost Albert 
R. Mann, who is president of Alpha 
Chapter of Sigma Xi, expressed the hope 


that “as one of Cornell’s most treasured 
possessions, it will beckon countless gen¬ 
erations of youth to a fellowship rich in 
its tradition and prophetic in its signifi¬ 
cance.” L. C. B. 


METEOROLOGICAL ASPECTS OF THE 1936 DROUGHT 


At times of great national disasters 
caused by nature’s vagaries tliere is a 
disposition to become panicky, to be 
convinced that the old order is changing 
and to believe that we, as a people, must 
adjust ourselves to a new regime. Many 
are expressing that thought in connec¬ 
tion with the present drought, especially 
as it is the third that has occurred within 
so short a period as six years. Is there 
sound basis for such pessimism? Not if 
we can take past records as an indication 
of the future 

It is characteristic of precipitation 
records, in the long run, to vary in wave- 
hke progression. That is, when short- 
period fluctuations are smoothed, there 
appear successive up-and-down trends, 
covering comparatively long periods of 
time and, in general, the difference in the 
rainfall for the phases of comparatively 
heavy and those of light amounts is 
marked. Such a tendency is shown, for 
example, in the records for the Great 
Plains, especially the central and north¬ 
ern portions. Thus, the normal annual 
precipitation for western Kansas is 19 
inches. The 5-year average, 1902-06, 
was 22 inches and that for 1931-35 was 
15 inches. Again, taking a single sta¬ 
tion, the average for 1891-95 at Dodge 
City, Kansas, was 16.5 inches, but for 
the following 4 years it was 25.5 inches, 
or more than 50 per cent, greater. Nu¬ 
merous other examples might be given 
They all lead to the definite conclusion 
that the present succession of dry years 
is by no means unprecedented and that 
we may expect a return to normal and 
even above normal conditions. Unfor¬ 
tunately, we can not say as yet when 
that return will begin. 

Optimism as to the future does not 
help very much, however, so far as the 


present situation is concerned. During 
this year, beginning with January, pre¬ 
cipitation has been persistently scanty 
in most sections of the country. For the 
six months up to July 1 scarcely half 
the normal had been received in a con¬ 
siderable northwestern area and also in 
much of the interior, while nearly all 
sections between the Rocky and the Ap¬ 
palachian Mountains had less than three 
fourths normal. May and June, espe¬ 
cially June, greatly intensified droughty 
conditions. For these two months the 
northern Great Plains had scarcely one 
third normal and less than half was the 
rule in the Ohio and middle Mississippi 
Valleys. It was the driest June of rec¬ 
ord in several states. 

At this writing, July 10, the picture 
lias changed somewhat in the South and 
East. During the first week in July 
generally heavy rains quite effectively 
broke the drought from Texas, Arkansas 
and southern Missouri northeastward to 
the Appalachian Mountains. However, 
from the Ohio River, central Missouri 
and northern Texas northward and 
northwestward only a few localities had 
received more than very light showers. 
This condition has been very greatly ag¬ 
gravated by abnormally high tempera¬ 
tures. The maxima have ranged well 
above 100°, even up to 320° in places, 
day after day since July 2, throughout 
a large area from the western Ohio and 
central Mississippi valleys northwest¬ 
ward. Unless rain and lower tempera¬ 
tures occur within the next twm w r eeks, 
this drought will undoubtedly take its 
place as the worst in the history of this 
country and as one of the worst in the 
history of the w T orld. 

Willis Ray Gregg 
Chief, U. 8. Weather Bureau 
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EFFECT OF THE 1936 DROUGHT ON CROPS 


The weather of 1936, up to this writ¬ 
ing, July 11, has been decidedly unfavor¬ 
able for agriculture over the greater por¬ 
tion of the United States Precipitation 
of the winter and early spring was very 
scanty in the Southwest, where the soil 
became extremely dry, and severe dust 
storms caused much damage by drifting 
and by blowing out winter wheat. How¬ 
ever, in May there was a reaction to 
abnormally heavy rains, materially im¬ 
proving conditions, they were especially 
helpful to winter w heat over large areas, 
particularly in Kansas. These western 
May rains w r ere largely responsible for 
the comparatively good showing of the 
1936 winter wheat crop in the United 
States. 

While May rainfall improved the out¬ 
look materially m the Southwest, other 
parts of the country were less fortunate, 
and droughty conditions slowly, but 
surely, developed. Dry w T eather 111 May 
and June brought wide-spread damage 
to early truck, hay and pastures, the 
latter becoming very poor m nearly all 
sections between the Appalachian and 
Rocky Mountains. 

The spring was the driest of record in 
many southeastern sections, and great 
harm resulted to early crops in a consid¬ 
erable area, especially from North Caro¬ 
lina southward to central Alabama. It 
was too dry for cotton to germinate, and 
many spotted fields resulted. As before 
indicated, the winter w r heat crop was 
not seriously affected by this year’s 
drought, principally because of May 
rains in the western portion of the wheat 
belt, and comparatively cool weather in 
the eastern part, though it became decid¬ 
edly dry and some deterioration resulted, 
especially in northern districts The 


Northwest was entirely too dry for 
spring w’heat, though up to the begin¬ 
ning of July temperatures had not been 
persistently high. 

During the first week in July crops 
benefited materially from rain over 
much of the South, but rainfall was in¬ 
sufficient in Georgia and some adjacent 
sections. This month ushered in a period 
of extremely high temperatures in the 
mid-West and Northwest, wdiich were 
disastrous to spring-sown small grains. 
The heat and drought seared what little 
pasture was left, and dried up available 
stock w r ater. With neither feed nor 
water to be had over large areas, the 
live-stock situation became desperate, 
with heavy shipments necessary to pre¬ 
vent deaths by the thousands from star¬ 
vation and thirst The spring wheat 
crop and other small grains m the North¬ 
west were severely damaged, but condi¬ 
tions continued favorable in the North 
Pacific area. 

Up to July 1, corn had not been seri¬ 
ously harmed over wide areas, but the 
extremely high temperatures and lack of 
rainfall were beginning to be felt mate¬ 
rially by the 10th of the month, with 
considerable irreparable damage in evi¬ 
dence by that date, especially in the 
southwestern Corn Belt. Al this writ¬ 
ing, July 11, much of the corn crop is 
entering a critical stage of growth, and 
it is certain that, if high temperatures 
and dryness continue for an appreciable 
time, there will be a major disaster to 
this important American product. The 
fate of the corn crop will be decided 
largely by the weather of the two weeks 
succeeding July 13. 

J. B. KlNCElt 

Chief, Division of Climate and 
Crop Weather, IT. ft. Weather Bureau 


ACTION OF FLUORIDES UPON HUMAN TEETH 

Mottled enamel, or what is now f associated w r ith the use of domestic 
known scientifically as chronic endemic waters containing toxic amounts of 
dental fluorosis, is a W’ater-borne disease fluorides. The toxic action of the fluor- 
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ides upon the teeth is apparently opera¬ 
tive only during the period of dental cal¬ 
cification; consequently the susceptible 
period for the human is between birth 
and eight years of age. The second, or 
permanent dentition, is particularly 
affected. 

Normally calcified teeth erupt, pre¬ 
senting a smooth, glossy, translucent 
structure, generally of a pale creamy 
white color. Teeth affected wdth mottled 
enamel, on the contrary, erupt, showing 
a dull, chalky-white appearance which 
in many instances later take on a char¬ 
acteristic brown stain, the frequency of 
brown stain increasing with age. In 
areas where the water contains a rela¬ 
tively high fluoride concentration the 
teeth may in addition be marked by dis¬ 
crete or even confluent pitting. As the 
defect is structural (an endemic dental 
hypoplasia), the result is a permanent 
physical disfigurement of thousands of 
children residing in endemic areas dur¬ 
ing the period of tooth formation. 

At present there are approximately 
335 surveyed or reported endemic areas 
in this country alone distributed among 
25 states. Because of the high incidence 
and its wide-spread distribution, it is a 
public health problem of country-wide 
interest and particularly appropriate for 
study by the national health service. 
Although the objective sign of endemic 
fluorosis is dental, this disease may be 
one of multiple ramifications. It is be¬ 
coming one of increasing interest to phy¬ 
sicians, especially pediatricians, epidemi¬ 
ologists, sanitary engineers, water chem¬ 
ists, biochemists, geologists and veteri¬ 
narians. 

Studies by the United States Public 
Health Service during the past few 
years, in addition to largely augmenting 
the number of known endemic areas, 


have demonstrated the importance of 
studying this problem from a quantita¬ 
tive point of view. In this connection 
there has been developed a quantitative 
classification for clinical diagnosis and a 
standard method for determining a com¬ 
munity mottled enamel index. It has 
also been shown that there is a definite 
quantitative relation between the fluor¬ 
ide content of the communal water sup¬ 
ply, the incidence of affection and the 
percentage distribution of seventy, par¬ 
ticularly the latter. Earlier studies at 
the National Institute of Health, in addi¬ 
tion to confirming the findings of earlier 
workers regarding the fluorine hypoth¬ 
esis, indicated that a given concentration 
of sodium fluoride in the drinking water 
produced a more toxic reaction than the 
same concentration of sodium fluoride in 
the diet. Carefully controlled epidemio¬ 
logical studies are being carried on at 
present for the purpose of obtaining 
definite information concerning the 
maximum amount of fluoride permissible 
in a domestic water supply. Studies to 
date indicate that amounts not exceeding 
one part per million are of no public 
health significance. 

In the light of present knowledge this 
disease is readily preventable if water 
free of toxic amounts of fluorides is used 
during the susceptible period for both 
drinking and cooking. Several small 
communities have actually changed their 
public water supply to one free of toxic 
amounts of fluorides in order to prevent 
the further development of this defect. 
In many endemic areas, however, this 
mode of action is not feasible and final 
solution will no doubt be dependent upon 
the development of an economical chemi¬ 
cal method of treating the present supply. 

H. Trendlev Dean 

Dental Surgeon 
U. S. Public Health Service 
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THE SOCIAL ORIGINS OF DIETARY HABITS 

By Dr. ROE E. REMINGTON 

norasBOB or nutrition, medical college or the state or south cabolina 


In 1906 Dr. Henry H. Donaldson, of 
the Wistar Institute, published charts 
and tables showing normal growth in the 
albino rat, an animal which has been bred 
in captivity for many years and exten¬ 
sively used for research purposes. His 
rats were reared on what was supposed 
at that time to be a fully adequate and 
satisfactory diet. During the thirty 
years that have followed, as our knowl¬ 
edge of nutrition has grown by leaps and 
bounds, and has been reflected in the im¬ 
proved feeding of rat colonies in our 
research laboratories and scientific in¬ 
stitutions, the rate of growth of normal 
rats has been trebled, and adult size in¬ 
creased, so that it is now oommon to find 
mature male rats weighing as much as 
700 grams, a thing that was unheard of 
thirty years ago. 

The pangs of hunger drive man to seek 
food. This has always been true, but it 
remained for Carlson to show that 
hunger is a concomitant of more or less 
powerful and spastic contractions of the 
stomach. To allay hunger, one eats, and 
derives pleasure in the eating, but the 
choice of articles which he uses as food 
depends oh availability and appetite. It 
is appetite which leads us, when given a 
choice, even though limited, to eat one 
arttale and reject another. 

Tin modern biochemist, with his vast 
accumulation of data aa to the human re¬ 
quirement for protein, fat, carbohydrate, 
mineral and vitamin, and with tables of 


analyses of all common foods to guide 
him, finds that many peoples in many 
places, when guided by appetite, that is 
to say, by customary usage, do not select 
for themselves a fully balanced and ade¬ 
quate ration. 

This newer knowledge of nutrition, for 
which we are indebted to the sciences of 
chemistry and physiology, has found 
rapid and ready acceptance among 
breeders of live stock, who have a finan¬ 
cial interest in the result, but its influ¬ 
ence on human dietary habits has been 
much less evident, so that it has seemed 
of interest to inquire as to the origins 
of the food habits of man, different races 
of man, in the light of the degree to 
which they may have been influenced by 
a conscious or subconscious knowledge of 
biology and chemistry, by geography, by 
economics, by religion or superstition or 
by the general mode of life and pursuits 
of different peoples. These latter fac¬ 
tors, derived from the geographical, eco¬ 
nomic or social status of the people, I 
shall consider under the name of social 
factors, as contra-distinguished from the 
chemical composition and physiological 
value of the food itself, which I shall call 
biological factors. 

A study and evaluation of the social 
factors which have influenced the diet 
of man is vastly more difficult, and leas 
certain, than of those in which chemistry 
and physiology are involved. It leads us 
back to the very dawn of human life, 
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concerning which we must indulge in a 
certain amount of speculation of a kind 
which is more or less repugnant to the 
modern scientist. It leads us to consider 
the religions of man throughout the ages 
and his tribal customs in so far as they 
prohibit or encourage the use of this or 
that article of food. It leads us to con¬ 
sider the nature of the land in which he 
dwelt, whether adapted to an agricul¬ 
tural, a pastoral or a nomadic life and, 
finally, it leads us to study commerce and 
industry. 

Even to-day, and among the most en¬ 
lightened people, we find widely current 
the belief that our pioneer ancestors or 
even their semi-savage progenitors, eat¬ 
ing the products of field and forest, 
grinding their grain in a crude mortar 
and without access to modern refined 
foods, enjoyed a more complete and ra¬ 
tional nutrition than do we to-day. 
Civilization, they say, has led man to dis¬ 
card and forget the rules of a sane and 
rational dietary regime and has created 
perverted tastes and appetites which are 
undermining the vigor of the race. To 
hold with such a view we should have to 
postulate that primitive man possessed 
an instinct which led him to accept this 
or reject that, from among all the plants 
of the fields and the game of the wood¬ 
lands, according to his own physiological 
needs. Many still believe that, despite 
his veneer of civilization, man to-day 
possesses this instinct, which expresses 
itself in his likes and dislikes and which 
has been inherited from his jungle ances¬ 
tors. Such an instinct can not be demon¬ 
strated with certainty among the lower 
animals, which are still wild and have 
free choice. From my youthful days on 
the farm, I recall that a horse must be 
taught to eat oats, a calf to eat clover, 
and that any abrupt change in ration 
will cause animals to “go off their feed,” 
even though the new ration be as com¬ 
plete and perfectly balanced as the old. 
The dog, a domesticated wolf, will not 


as a rule eat fish, perhaps because in his 
free state fish was inaccessible to him. I 
know a Belgian police dog that suffered 
at one time from black-tongue and for 
which canned salmon was prescribed as 
an anti-pellagric food. He could be in¬ 
duced to eat it only by starvation and 
never learned to take it willingly. On 
the other hand, I have a terrier which 
was raised with a family of kittens, 
which were taught by the mother cat to 
eat fish. The dog ate the fish to get it 
away from the cats and thus acquired a 
fondness for it while still young. If 
such an instinct exists, it is an instinct, 
common to man and animals, of distrust 
for anything the taste of which is strange 
or new. 

Bordeaux, in his history of alimenta¬ 
tion, published in 1884, says of primitive 
man that “ oppressed by constant hunger 
he ate, according to chance, his only pro¬ 
vider, without being able to choose; un¬ 
suitable prey and repulsive food, insipid 
or sour berries, suspicious fruits and 
larvae of insects, mollusks, batrachians, 
reptiles, and even at need the grass of 
the prairie. There were more things 
capable of being eaten and of furnishing 
some nourishment, good or bad, than we 
suspect to-day. Originally necessity 
caused all of them to be eaten.” Engels 
says: 4 ‘Primitive man, escaping from the 
animal kingdom, still retained traces of 
his ancestry. He was a semi-beast, 
crude, weak against the forces of nature, 
ignorant of his own strength, and for 
that reason just as helpless as the ani¬ 
mals.” Roubakine, from whom I have 
drawn freely in the argument which fol¬ 
lows, says of man of that age that “in the 
forests of the quaternary period he 
gathered roots, tubers, grain, and some 
wild fruits; caught larvae, worms, grass¬ 
hoppers ; ravaged the nests of birds and 
ate their eggs. Not having equipment 
or strength to catch or kill large animals, 
he ate such small ones as he could way¬ 
lay, or the flesh of dead animals which 
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he might happen to come upon. In the 
sea and rivers he obtained crustaceans 
and shell-fish.” 

The eating of insects did not perish 
with prehistoric man. The Hebrews 
were permitted to eat grasshoppers and 
locusts, and in fact employed quite a 
variety of insects. John the Baptist was 
nourished, during his stay in the wilder¬ 
ness, by locusts and wild honey, and it 
is said that the Greeks applied the epithet 
of “acridophages” to the people of Lybia 
because they ate grasshoppers. Even to¬ 
day they are served in China under the 
name of “shrimps of the earth.” The 
Romans ate, as a delicacy, the larvae of 
several species of beetles, and the East 
Indians and Africans use ants as a deli¬ 
cacy. 

So far as primitive man is concerned, 
his struggle for existence was so diffi¬ 
cult that he could not exercise much 
choice as to his food. He had to eat 
what he could get or die. Eating was 
synonymous with life, a fact which finds 
expression in the idioms or origins of 
words in most languages In English 
we speak of 4 ‘ one’s living,” as applied 
to food; in French “etre,” in German 
“essen,” in Latin “esse,” in Russian 
“ieste,” all have the same double mean¬ 
ing. 

Naturally there were some among the 
articles used as food by primitive man 
which caused illness or even death. 
With his rudimentary reasoning pow¬ 
ers, it must have taken many years for 
him to learn to avoid them. Can it be 
that such knowledge, handed on from 
generation to generation, could have 
fixed itself in human physiology in the 
sense of taste t But, if so, why should 
taste, acquired as a protection against 
harmful or poisonous foods, lead one 
race of mankind to rely heavily on a 
certain article of food, another to reject 
it in totot Take, for example, so com¬ 
mon and, among us, so universally used 
an article as milk. Savage man had no 
domestic animals, hence did not have 


milk, which only appeared as an article 
of diet with the coming of pastoral 
peoples. Even so, not all keepers of 
live stock used milk. Homer referred 
to milk as food suitable for barbarians, 
whom he called “ galactophages, ” and 
Herodotus thought it worthy of note 
that the Scyths employed milk as a 
usual food. Bordeaux says that in China 
and Eastern Siberia milk is not used at 
all, the people of these regions calling 
it “white blood” and having a distaste 
for it. In other words, the use of the 
milk of animals as human food did not 
arise through an instinctive sense of 
taste, but rather because the domestica¬ 
tion of lactating animals made it avail¬ 
able, and perhaps only then because 
scarcity of other food made it necessary 
to rob the calf to feed the baby. 

In the recorded history of some uncivil¬ 
ized peoples, and among certain savage 
tribes to-day, we find that different rules 
of diet are laid down for different classes; 
some articles of food are forbidden to 
women and children but permitted to 
men, or other articles are restricted to a 
special group. Let us speculate for a 
moment as to how this may have come 
about. Before the invention of weapons 
or the advent of tribal life, the obtaining 
of food could be as easily accomplished 
by the female as the male. Monogamy 
and the family did not exist, and there 
was complete equality between man and 
woman, a condition which has not ob¬ 
tained since, even to our day. Except 
that babes and children were cared for 
by their mothers, there was no division 
of labor. The aged and infirm were 
abandoned to perish. 

Perhaps through accident, man learned 
that he could bind the tusk or horn of an 
animal to a staff, and thus become supe¬ 
rior to the beasts, in that he could kill 
them at a distance. As implements of 
the chase became improved and per¬ 
fected, there arose a division of labor, 
first between men and women, later be¬ 
tween men of different ages. The 
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weapons of the chase were heavy, and 
required a certain degree of strength and 
skill in their manipulation. The hunters 
thus became the select class, for whom 
the best in the way of food and other 
necessities of life should always be re¬ 
served. But the old men, wise in the 
ways of game and experienced in making 
weapons, acquired a new value to the 
tribe, and hence were no longer left to 
die, but provided for as equal or only 
slightly inferior to the hunters. 

Since the fortunes of the chase were 
variable and not to be depended on at 
all seasons, the products of the field could 
not be entirely abandoned, and it was the 
women who devoted themselves to the 
harvest. They gathered seeds, herbs and 
fruits, learned to plant and till the soil, 
and so agriculture was bom. Among 
most primitive peoples the god of the 
flocks and forests is a male and that of the 
fields a female. 

This division of labor between the hunt 
and agriculture has been responsible for 
differences in social usages and tribal 
customs. Where there was an abundance 
of game and little reliance need be placed 
on tilling the soil, the dominance of the 
male was unquestioned. But where the 
hunt was precarious, and the main sub¬ 
sistence of the tribe derived from the 
fields, woman ruled the tribe. 

This division of labor resulted in some 
social usages among primitive men which 
still exist among certain sava&e peoples. 
Among these are: men were forbidden to 
eat the flesh of female animals and 
women of male; if such a prohibition 
existed among enlightened peoples we 
should doubtless explain it by referring 
to the hormonal secretions of the gonads! 
Woman was forbidden to hunt lest she 
frighten the game (hunters still think 
so); the best parts of the game and of 
other food were set aside for the old men; 
women and children were forbidden to 
eat certain parts of the game. Spencer 
cites the observation of Edward John 
Ayre that numerous such rules of diet 


exist among some wild tribes in Aus¬ 
tralia, prompted not by a knowledge of 
physiology or chemistry, but by the 
desire of the grown men to reserve for 
themselves the best parts of meat and 
fish. In these tribes the young are not 
allowed to eat of the meat of the emu, 
of pork or of large lizards, for if they do 
their bodies will surely swell up and their 
hair turn white. A woman must not eat 
of the wild guinea, for if she does her 
cheeks will swell. Eating of the wild dog 
will bring on a goiter, or of the kangaroo 
will cause her head to swell, or the wild 
hare her entire body to swell. If she eat 
fish she will surely have ulcers on her 
legs. But strangely enough none of these 
things happen to men who consume such 
delicacies. The rules of magic and primi¬ 
tive religion are called into play to insure 
observation of these taboos, designed to 
protect the males in their right to the 
choicest and best of the food. 

The domestication of animals muBt 
have originated early in tribal life. Oc¬ 
casionally, in the chase, animals could 
be taken alive, and were preserved, per¬ 
haps against a day of want, more likely 
for fattening. It was inevitable that 
man should learn that the flesh of such 
animals, confined and well fed, was ten¬ 
derer, fatter and altogether more appe¬ 
tizing than that of wild game. Land 
had little or no value to primitive man— 
there was too much of it. The first 
wealthy were those who possessed large 
flocks. Naturally meat became an im¬ 
portant article of diet among pastoral 
peoples. It was so in the early days of 
our own era on the western plains of 
North America, where stock-raising was 
the principal industry. But the cattle 
man ate beef, the sheep man mutton, as 
the meat most available to him, not be¬ 
cause beef was a better food for the one 
or mutton for the other. 

We shall not speculate as to how or 
when man acquired his taste for cooked 
food. The use of fire antedates recorded 
history. The discovery that by cooking 
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the tough flesh of wild game could be 
made easier to chew, and perhaps to di¬ 
gest, must have been a great boon to 
mankind. But fire is not the only means 
utilized to soften food. Roubakine re¬ 
lates that the Kalmouks and the Kir- 
ghizes, who live in the steppes of west¬ 
ern Europe, where the only fuel is dry 
grass and the dung of camels, place 
strips of meat on the backs of their 
horses, between the skin and the saddle. 
After a day’s ride the meat is considera¬ 
bly softened. This custom did not arise 
from a perverted or depraved appetite, 
but from a lack of fuel. The practice of 
allowing meat to hang for some days to 
ripen, that is, to be softened by the di¬ 
gestive enzymes of its own juices, is well 
known. 

But the introduction of cooked food 
must have created somewhat of a social 
problem. "We can imagine that tremen¬ 
dous resistance must have opposed it at 
first. It could be argued, and doubtless 
was, that such soft pabulum would re¬ 
sult in a tribe of mollycoddles, with in¬ 
ferior physique and stamina. There 
may have been taboos against it, and 
food riots, as there were in Europe in 
comparatively modern times, following 
the introduction of the potato and at¬ 
tempts to compel its use. More inter¬ 
esting to us, however, is its effect on the 
dietary habits, that is, the instincts of 
man as related to the choice of food. 
Certainly it could not have come about 
abruptly. All cooked foods taste alto¬ 
gether different from the same foods in 
the raw state. An entirely new set of 
criteria (instincts) must become firmly 
established, so firmly indeed that civi¬ 
lized man would not consider eating 
raw flesh under any circumstances and 
eats raw vegetables with considerable 
reluctance. This change from raw to 
cooked food is another argument for our 
theory that dietary instinct is a distrust 
for the unknown, for those things of 
unfamiliar taste, and nothing more. 

We now come to consider what effect 


religion (or superstition) may have had 
in the formation of dietary habits. All 
primitive religions are religions of sacri¬ 
fice. Man feared his gods and placated 
their wrath or won their approval by the 
sacrifices which he placed on the altar. 
Naturally, no god could command the 
respect of his subjects if he could be 
appeased by inferior offerings. It is the 
choice of the flock, and the best parts of 
the slaughtered animal, that are to be 
placed on the altar. This admonition is 
clearly set forth in the first chapter of 
the book of Leviticus. The priests who 
tended the altars took for their own 
sustenance from among the sacrifices 
placed there by the faithful. Thus the 
priests had a double motive in enforc¬ 
ing the laws of their religion as to sacri¬ 
fice. First, the authority and superior¬ 
ity of the gods could only be maintained 
by the insistence that they could accept 
only the choicest and best. Second, the 
priests, for their own selfish interests, 
would insist on the same thing. The 
authority of the priests to take for them¬ 
selves of the food placed on the altar is 
set forth also in the book of Leviticus. 

The parts demanded, in most such 
cases, were the entrails and the blood. 
This leads us to the conviction that in¬ 
ternal organs and blood may have been 
once highly esteemed as articles of diet. 
But, their use being proscribed, man 
came, throughout the generations which 
followed, to look upon them as not fit 
for food. To show that this position is 
not sound physiologically, we have only 
to cite the experience of keepers of zoo¬ 
logical museums. Lions and tigers fed 
only on muscle flesh Bicken and die, but 
if the internal organs of the slaughtered 
animals are added to the menu, they 
thrive. The feral beast which, beset by 
pangs of hunger, brings down a deer, 
tears open the carcass and disembowels 
it, disdaining to touch the muscular tis¬ 
sue until all else has been consumed. 

The rite of burnt offering disappeared 
with advancing civilization, but the dis- 
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taste for liver, kidney, stomach and 
other glandular tissue. persisted. The 
ban of religion, being lessened or re¬ 
moved, however, man had no scruples 
against eating them if need required. 
The pioneer settler in America made 
sausage of the liver and blood and other, 
to him, less desirable parts of the butch¬ 
ered animal. He pickled the stomach 
into tripe, and cleaned the intestines for 
sausage casings Sustenance was scanty 
and hard to come by. He dare not dis¬ 
card any part of the carcass that could 
be put to use. Nevertheless, the distaste 
for glandular organs is extremely preva¬ 
lent. Relatively few people to-day eat 
liver, sweetbreads or kidney stew. And 
to complete this remarkable picture of 
the cyclical course of a distorted dietary 
habit or instinct, we need the findings 
of modern medical science that the liver 
is a wonderful storehouse of minerals 
and vitamins not found in flesh and that 
the mucosa of the stomach supplies a 
factor widely used in the treatment of 
pernicious anemia. 

Religions of primitive man were also 
called into play to reinforce the taboos 
previously mentioned as arising from 
division of labor between sexes or be¬ 
tween people of different ages. Certain 
forms of food were forbidden by relig¬ 
ion for reasons, possibly economic, pos¬ 
sibly of other origin. A whole series of 
animals was forbidden as food to the 
Jews. We can readily understand why 
such a proscription should run against 
the camel, an important beast of burden. 
The animals permitted to be eaten were 
those with parted hoof, and which 
chewed the cud. This practically limited 
them to cattle, sheep and goats, and, 
being a pastoral people, it is quite 
reasonable to believe that the live-stock 
industry would strive to utilize religion 
to stamp out the competition of cheaper 
forms of meat, the hog and the rabbit, 
just as, when the cattle barons ruled the 
great plains of North America, the in¬ 
troduction of sheep was contested with 


every legal and illegal method, includ¬ 
ing arson and bloodshed. The ranch 
owner refused to eat mutton or permit 
it to be served to his family or guests, 
not because he considered it less whole¬ 
some and nutritious than beef, but be¬ 
cause to him the entry of sheep-raising 
into the country meant economic loss or 
even ruin. 

With our knowledge of to-day, we 
could justly ascribe the proscription of 
pork to a desire to protect the people 
from the dangers of trichina, that of the 
rabbit against those of tularemia, but 
by no stretch of imagination can we im¬ 
pute a knowledge of these parasites four 
thousand years ago nor a reasoning 
power that would connect an illness with 
the eating of infected meat days or even 
weeks before. 

Both the Jews and the Mohammedans 
were also forbidden to eat the meat of 
animals which died other than by 
slaughter, but strangely enough, the 
Jews were charged to give it to travel¬ 
ers or sell it to foreigners, whose nutri¬ 
tional needs were doubtless different 
from their own. 

Let us next consider the distribution 
of man on the face of the earth, and 
what effect it may have had on his diet¬ 
ary habits. It is simple to trace the 
effects of temperature, but some other 
geographical influences may be more 
obscure. The polar Eskimo, residing in 
regions where vegetation is absent or 
scanty, subsists almost entirely on meat 
and fat. Stefansson, who has spent a 
total of nearly five years in living with 
the Eskimos, reports that their native 
diet is composed entirely of raw and 
boiled fish, the game having been ex¬ 
terminated by the intensive hunting 
that supplied meat to the whaling fleets 
of fifty years ago. In spite of this 
seemingly monotonous diet, he did not 
observe a single case of rickets, scurvy 
or carious teeth. That a carnivorous 
diet can maintain members of the Cau¬ 
casian race in health and vigor for con- 
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siderable periods of time has also been 
demonstrated by Stefansson, who, under 
the observation of scientists of the Rus¬ 
sell Sage Foundation, lived for a year 
on meat and fat alone. Tropical peoples 
subsist to a greater extent on vegetables 
and fruits. Is this because the require¬ 
ments of life in the tropics do not call 
for the specific dynamic action of a high- 
protein diet or because fruits and other 
products of vegetable origin are easy to 
obtain in tropical regions, but practi¬ 
cally unavailable in arctic areas? Is 
this difference in dietary habits due to 
a difference in physiological require¬ 
ment or a difference in the kind of food 
most available ? We incline to the latter 
view. 

An interesting sidelight has to do 
with the use of salt. According to 
Morse, the normal daily human urinary 
excretion of salt is fifteen grams (half 
an ounce), and it is said that man is the 
only animal to have acquired such an 
appetite for salt as to eat it in excess of 
his daily needs. Salt was so highly es¬ 
teemed by the ancients that the wages 
of Roman soldiers were paid in this com¬ 
modity, hence the word solarium or 
salary. Nonetheless, the Eskimos, far 
from using salt, actually have a distaste 
for it. Stefansson states that in his first 
winter with them he was so beset by 
hunger for salt that he boiled down 
some sea-water, but that when he added 
the resulting brown powder to the pot 
of cooking fish, his Eskimo hosts politely 
declined to partake. He also reports 
that the deer in Maine do not crave salt, 
while those of Minnesota do. To me, it 
appears probable that men and animals 
subsisting largely on grain and vege¬ 
tables, which contain an excess of potas¬ 
sium over sodium, as compared with the 
composition of the tissues and fluids of 
the body, would require salt to correct 
this inbalance, while those of purely car¬ 
nivorous habits would require less or 
none. It may be that the herbage in 
Maine and other coastal regions is en¬ 


riched in salt by the spray from the 
waves of the sea, blown inland and de¬ 
posited on the foliage or in the soil. I 
was interested to observe, on a visit to 
Itasca State Park in Minnesota some 
years ago, that the primitive outhouses 
erected for the convenience of visitors 
had had their foundations almost en¬ 
tirely eaten away by hedgehogs and 
other small animals, who gnawed away 
the wood to get the salt from human 
urine which impregnated it. The crav¬ 
ing for salt doubtless has a sound physi¬ 
ological basis among animals and men 
subsisting largely on products of plant 
life, but why does man take so much of 
it that he excretes half an ounce daily f 
It is common for physicians to limit the 
salt intake of patients suffering from 
arterio-sclerosis or hypertension, but on 
what grounds is not clearly evident. 

The banana, a food of considerable 
importance in the West Indies, had to 
await the development of cold storage in 
transportation before it could be widely 
used on the continent of North Amer¬ 
ica. Even yet the cost of bananas in 
the north central states is so high that 
they can not be used as a staple food. 
The pineapple, so commonplace in the 
Hawaiian Islands, had to wait for the 
development of the canning industry 
before it could be considered other than 
as a great luxury in the United States. 

Geography has had an important part 
in developing the dietary habits of man. 
Wheat, the great bread-stuff of the 
American people, does not thrive in 
semi-tropical climates. Corn, on the 
other hand, is a tropical plant which has 
made its way north. Corn plays a much 
more prominent part in the diet of na¬ 
tives of South Carolina and Georgia 
than does wheat. Still more interesting 
is the story of rice, which was intro¬ 
duced early into Carolina and the grow¬ 
ing of which developed into a great in¬ 
dustry. No rice is grown in this region 
now, nor has been for many years, but 
it is still one of the most important 
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staple foods, seen daily on the tables of 
all native South Carolina families. In¬ 
ventive genius devised a way to scour 
the bran coat off of rice, rendering it 
more pleasing to the eye and easier to 
masticate. For this reason polished rice 
came to be preferred, but with disas¬ 
trous results to some Oriental peoples, 
who subsisted quite largely on rice and 
fish. A mysterious multiple neuritis 
(beri beri) took its toll, until about 
1908, when two Dutch physiologists, 
Eijkman and Grijn, demonstrated a 
vital factor (vitamin B) in the bran 
that was scoured off and thrown away 
or fed to pigs. The sense of taste was 
inadequate to warn man that the new 
product was inferior to the old; in fact, 
he liked it better. He ate rice because 
his parents had eaten rice and because 
it was available to him at low cost. 
Grijn demonstrated effectively the fal¬ 
lacy of polishing rice, but none but 
polished rice is sold in the markets of 
the world to-day. 

One might enlarge still farther upon 
this matter of geography, but it hardly 
seems necessary. It is, however, inti¬ 
mately bound up with that of economics, 
as we shall now see. The easiest and 
cheapest way for primitive man to ob¬ 
tain meat was the hunt. There was usu¬ 
ally plenty of game if he could get it. 
With the increase of population and im¬ 
provement of weapons, game became 
scarce, and it was easier to raise his 
meat than to hunt for it. With still 
further increase in population, land be¬ 
came of more value, and when it became 
possible to sell or barter grain to others, 
some parts of the soil could produce 
more returns in wheat or corn than they 
possibly could in cattle. Naturally, 
people inhabiting such areas came to de¬ 
pend largely on tilling the soil, and be¬ 
came more vegetarian in their habits 
than those who dwelt in rough, broken 
or arid regions, regions which would 
not yield a profitable crop, but could 
furnish pasturage to animals. In fact, 


this increase in population has worked 
to further increase the value of land in 
some localities, to a point where it could 
not possibly be used to produce live 
stock. 

Roubakine reminds us that in Russia, 
before the revolution, the amount of 
land available for agriculture had re¬ 
mained the same for an entire century. 
But population having increased rapidly, 
the individual parcels had become 
smaller and smaller, and it became in¬ 
creasingly difficult for the Russian peas¬ 
ant to feed and clothe himself by the 
products of his own land, and almost 
impossible to feed live stock. It takes 
considerably more acreage to feed a 
goat or a bullock than to feed a man. 
Nevertheless, although he must have 
some animals to do his plowing and 
carry his burdens, he can not afford to 
raise his calves or his lambs. The Rus¬ 
sian peasant is to all practical purposes 
a vegetarian, eating on the average less 
than twenty pounds of meat per person 
per year, and this in the form of veal or 
lamb. This should not lead us to con¬ 
clude that such a low meat consumption 
is physiologically optimal or that the 
flesh of calves and lambs is more nourish¬ 
ing than that of beeves or sheep. He 
eats what he can get, not what he would 
if he had free choice. Even to-day in 
Germany, the farmer can sell all the 
grain he produces at a good price, but 
there is a scarcity of meat because most 
of the grain that can be raised is needed 
to feed the people themselves, with very 
little surplus for live stock. 

To the Hindu peasant his goat, who 
carries his burdens, works his land and 
feeds his children with her milk, has an 
economic value far greater than if he 
were to kill her. In fact, his religion 
forbids him to do so. For similar 
reasons the cow is sacred in India. This 
paucity of land is still more acute in 
China, where the peasant never gets 
enough to eat. Meat is almost an un¬ 
known luxury to him, and what meat- 
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he does get is pork, which can be pro¬ 
duced more economically than beef or 
mutton. The opposite side of the same 
picture is revealed in pastoral peoples of 
Turkestan, one of whom finds it easy to 
slaughter a lamb or sheep from his flock 
to regale his family or guests, but ex¬ 
tremely difficult to provide grain or 
bread for them. 

But food habits are so slow to change 
that emigrants carry with them into 
their new habitat their accustomed likes 
for national dishes, and abandon them 
only under force of necessity and with 
great reluctance. Norway and Sweden 
are rough and mountainous countries, 
not particularly suited to agriculture, 
but, on account of their extensive sea- 
coast, well adapted to fisheries. Fish 
has a prominent place in the dietary of 
Scandinavian peoples: they have learned 
various ways of smoking, salting, pick¬ 
ling and otherwise preserving it, as well 
as ways of preparing it for the table un¬ 
known in other lands. Wisconsin and 
Minnesota are largely settled by Nor¬ 
wegians and Swedes, who, despite the 
scarcity of fish in this inland area, still 
maintain their esteem for it, so that 
tremendous quantities of smoked, dried 
or salted fish are imported and con¬ 
sumed by them. Indeed, the ordinary 
country grocery store in Minnesota 
offers a wide variety of foods unknown 
and unobtainable in South Carolina. 

Let me refer again to the economic 
value, as contrasted with the nutritive 
value, of an article of food. To a baker 
in the city, bread is an article of com¬ 
merce, which he makes and sells in 
order to provide for his needs and those 
of his family. Its value to him as an 
article of commerce depends on the 
price it will bring. Its value to him as 
an article of food depends on its chemi¬ 
cal composition and digestibility. The 
two measures of value are quite differ¬ 
ent, and yet it seems almost inevitable 
that they become confused or merged 


into one idea in the min d of the baker. 
The fancy breads and cakes which com¬ 
mand a higher price appear to him more 
desirable as articles of food also. Price 
and quality are often synonymous, but 
more often it is scarcity, not value as 
food, which determines price. Those 
cuts of beef which are more sapid and 
tenderer, easier to cook and to chew, are 
more extensively sold at a higher price 
than the chuck and brisket, notwith¬ 
standing there is no commensurate dif¬ 
ference in nutritive value. A highly 
prised article of food, one that is served 
on special occasions, is almost invaria¬ 
bly an exotic one or one the scarcity of 
which makes it expensive. We rate its 
value not by calories, but by cost. 

There is still another side to the influ¬ 
ence of economic consideration in deter¬ 
mining food habits. Those who produce 
food, the world over, are people of very 
modest income. Thrift is a necessity 
with most of them. If then, for ex¬ 
ample, potatoes are dear and turnips 
are cheap, the potatoes will be sold and 
the farmer’s family fed on turnips. 
Holland, one of the principal dairying 
countries of the world, imports large 
quantities of oleomargarine, but sells 
her butter to England. The market 
value of what he produces is so high that 
the producer buys a cheaper substitute 
for himself. I have visited the homes 
of immigrant farmers in the Dakotas, 
where, notwithstanding that a considera¬ 
ble portion of the family income came 
from the sale of cream, no milk was 
given to the children. The reason, eco¬ 
nomic of course, is obvious. Every 
fresh cow meant a calf, which, if raised 
to maturity, had a definite cash value. 
The cream was separated and sold, the 
skim milk fed to the calves and young 
pigs. Children had no market value, 
nor any productive value until old 
enough to follow the furrows. Inevita¬ 
bly most such children grow to maturity 
with the idea that milk is suitable food 
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for calves and pigs, not for humans, 
and thus a dietary habit (instinct) is 
created. 

Modern commerce brings to our doors 
many things unknown to our grand¬ 
fathers or, if known at all, were not 
considered as things to be eaten. Al¬ 
ways, the introduction of a new foodstuff 
makes slow progress. Attempts have 
been made to force matters by laws or 
by royal decrees. It was so in Europe, 
following the discovery of America and 
the introduction of the potato. More 
food could be grown on an acre as pota¬ 
toes than as wheat. The ruling classes 
attempted to compel the growing of po¬ 
tatoes, with resultant riots in Prance in 
the eighteenth century. Always in 
every land and every time, people are 
suspicious of new and strange foods. 
It is only epicures who are venturesome 
in trifling with the sense of taste. 

Commerce in foodstuffs has been 
stimulated by the invention of new ways 
of packing, processing, preserving and 
handling them, until now it has become 
one of the major industries. Refrigera¬ 
tion in storage and transit brings to the 
table of middle-class families in New 
York beef from Argentina, bananas and 
avocados from the West Indies, oysters 
from Maryland and shrimp from New 
Orleans. Sterilization in sealed con¬ 
tainers makes available throughout the 
year and at moderate cost seasonal 
fruits and fruit juices and green vege¬ 
tables. The mere fact that these canned 
and bottled products are available 
throughout the year naturally stimu¬ 
lates their consumption, but availability 
is not the only, nor indeed the most per¬ 
suasive factor. One needs only to pick 
up any current woman’s magazine to 
see beautifully illustrated and allur¬ 
ingly worded advertisements for canned 
tomato juice, canned pineapple, peas, 
spinach and what-not. These advertise¬ 
ments always stress nutritive and health- 
promoting properties, but no one will 
believe that they are prompted by so 


altruistic a motive. Commerce and the 
desire for profit bid fair to revolutionize 
the eating habits (instincts) of the 
American people, whether for good or 
ill only the nutritionist can say. Un¬ 
fortunately, to such a voice in the 
wilderness there are few hearers. 

An extremely interesting example lies 
in the use of sugar. The first recorded 
description of sugar is to be found in the 
writings of Theophrastus, and even up 
to the middle ages it was considered as 
a medicine and sold by apothecaries. 
With the invention of cheaper and bet¬ 
ter methods of extraction and refining, 
sugar became cheapened until it could 
be used as a staple foodstuff. This gave 
a tremendous stimulus to the cultiva¬ 
tion of the cane and the beet. Adver¬ 
tising and ingenuity in developing new 
confections and other dishes containing 
sugar now came into play in order to 
further increase consumption and profits. 
According to government statistics, the 
per capita consumption of sugar in the 
United States has increased from about 
70 pounds in 1900 to 112 pounds in 
1926. This latter figure corresponds to 
139 grams or about 570 calories per per¬ 
son per day, about one fifth of the total 
energy consumption. What reliance, I 
ask, can be placed on an instinct which 
leads us to derive so large a fraction of 
our nutriment from the most highly re¬ 
fined carbohydrate known, a substance 
which builds no muscle or bone, yields 
no vitamins, and the excessive consump¬ 
tion of which is looked upon with grave 
suspicion by the medical profession? 

Although sugar consumption has in¬ 
creased 60 per cent, since the beginning 
of the century, the total energy intake 
has not increased appreciably. We eat 
about as many calories per day as our 
grandfathers did. Sugar has replaced 
something else. Washington Platt has 
made a careful study of data collected 
from government reports and from 
other sources, and reports that during 
this same period the consumption of 
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meat decreased 6 per cent., that of 
wheat flour and bread 30 per cent, and 
that of corn meal and flour 80 per cent. 
The consumption of fresh and canned 
fruits and vegetables has increased. 
Oranges have doubled in fourteen years. 
Dairy products have also increased, al¬ 
though they fell off sharply during the 
depression. It is a strange coincidence, 
and must be disturbing to those who hold 
to the reliability of instinct in the choice 
of food, that those products most inten¬ 
sively advertised should show increas¬ 
ing consumption, while those foods 
which have most largely nourished and 
sustained man for centuries, meat and 
grain, show losses. Is our eating ruled 
by preference or propaganda ? 

Finally, let us ask if the theory that 
man possesses an instinct which leads 
him to select those foods which most 
satisfactorily satisfy his needs is con¬ 
firmed to any degree by the sciences of 
chemistry and physiology. These two 
branches of learning have by their union 
brought forth the young science of nu¬ 
trition, which, using small laboratory 
animals as test-tubes has made quite 
substantial progress in the last quarter 
century. We know the importance of 
the fat soluble vitamins A and D, the 
first for growth and maintaining the 
integrity of the tissues, the second in the 
growth and development of normal 
bones. Vitamin A, or its precursor, an 
orange-colored organic pigment known 
as carotene, is especially abundant in 
carrots and green plants. The outer 
dark green leaves of cabbage and lettuce 
contain much more of it than the tender 
inner leaves. Furthermore, a consider¬ 
able part of the carotene of plants is 
destroyed or inactivated in the process 
of cooking in an ordinary open kettle. 
Human taste apparently can not detect 
differences in this respect—we prefer 
white cabbage and lettuce hearts, and 
thoroughly cook all our greens. 

Greenland was colonized by Eric the 
Red in 985, but in 500 years the people 


had disappeared. Study of skeletons 
recently disinterred at Herjolfsness by 
Hansen has shown evidences of marked 
rickets. Can it be possible that rickets, 
due to lack of vitamin D or calcium, or 
both, was responsible for the decline of 
this colony? A diet almost exclusively 
of grain would fail in calcium require¬ 
ment as well as vitamin D. But the 
liver oils of many marine fishes are 
rich in the vitamin, and the Scan¬ 
dinavian peoples are notable fish eaters. 
The production and use of leafy vege¬ 
tables would have supplied any calcium 
lack. A reliable instinct should have 
led inevitably to the use of greens and 
fish livers or liver oils, and saved the 
colony. It is the consensus of opinion 
that many people are obtaining less than 
optimal amounts of the water-soluble 
vitamins, yet sources of these are so 
abundant that a rational dietary instinct 
would lead inevitably to their selection. 

Goiter is extremely common among 
the inhabitants of central North Amer¬ 
ica, due primarily to iodine lack. Not 
having been accustomed to sea food, 
these people eat it but rarely, even 
though modern commerce has made it 
available. One would think that so 
outstanding a dietary deficiency would 
have produced a craving for iodine 
bearing foods and made fish and oysters 
even more popular than at the seashore. 
Although the iron and calcium content 
of agricultural crops may vary several 
hundred per cent., according to the type 
of soil on which they are grown, no taste 
can or ever could, detect the difference, 
and deficiencies of these elements in the 
diet in some localities are common. 

Nor can I close without a word re¬ 
garding certain misguided pseudo-sci¬ 
entists who are endeavoring to lead us 
in the choice of our food. Bemarr Mac- 
fadden, writing editorially in Liberty 
for January 25, 1932, said: “One can 
live on wheat indefinitely if the whole 
grain is used. It nourishes the body 
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throughout its every part." And this, 
notwithstanding the observation of Mc¬ 
Collum, of a number of years standing, 
that heifer calves fed exclusively on 
wheat and wheat straw failed to thrive. 
Alonzo Taylor has shown that war bread 
is actually more expensive than white 
bread as a source of available energy, 
because the excessive roughage speeds 
up intestinal movement to a point where 
absorption is very inefficient. The 
amount of indigestible roughage desir¬ 
able in the human digestive tract has, 
according to Cowgill, rather well-de¬ 
fined limits. The fad for eating bran 
has nothing to commend it. I scarcely 
need mention that the idiotic teaching 
exemplified in the Hay system of diet 
that certain food combinations, such as 
meat with bread or potatoes, are harm¬ 
ful when taken together, has been ex¬ 
ploded by more than one reputable sci¬ 
entist of recognized standing. 

Finally, the theory that civilization 
has dulled our native instinct in the 
choice of food or rather that this dull¬ 
ing is resulting in less adequate nutri¬ 
tion is refuted by certain very pertinent 
statistics. The second and succeeding 
generations of immigrants to the United 


States from Central Europe or Japan 
are taller, have larger frames and are 
more robust than their parents. The 
higher standard of living, with its wider 
variety and choice of food, finds im¬ 
mediate response in the physical de¬ 
velopment of these people. 

To summarize, I have tried to set forth 
that the dietary instincts or habits of 
man are an outgrowth of certain mores 
which had their origins in the begin¬ 
nings of tribal life, influenced in their 
development by religion, by geograph¬ 
ical habitat, by climate, by commerce, 
by modem industrial and inventive 
genius and by advertising. I have 
shown that food likes and dislikes are 
taught in childhood, and though they 
may be slow to change, they do change 
as influenced by the factors mentioned 
above, and that dietary instinct is only 
a distrust for the unknown or for those 
articles of provender for which we have 
not acquired familiarity. The contri¬ 
butions of chemistry and physiology to 
our knowledge of nutrition, valuable as 
they may be to the live-stock industry, 
have up to this time played a very minor 
part in directing the eating habits of 
the human species. 
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Fusible teaspoons have provided mirth 
for many. As the unsuspecting guest 
starts to stir his hot tea he suddenly finds 
himself stirring air with a stub of a 
handle, while the molten spoon mirrors 
his chagrin from the bottom of the cup. 
These 41 fusible’’ spoons are often thinly 
plated with silver to further allay any 
suspicions the guest may have. This 
humorous use of fusible alloys has been 
practised ever since the discovery of 
these interesting but forgotten alloys 
which melt below the temperature of boil¬ 
ing water. There exist, however, a num¬ 
ber of more important and unique uses 
for these low melting alloys, most of 
which are dependent on the very low 
melting points. 

Fusible alloys have been defined by 
Law 1 as alloys melting below the melting 
point of tin. The four common metals 
used in preparing the alloys are often 
themselves called fusible metals because 
of their relatively low melting points. 
They are listed below. 


salt added to water lowers the freezing 
point of water, so bismuth added to 
molten lead lowers the freezing point of 
lead. This phenomenon will occur only 
if the two metals form neither compounds 
nor solid solutions with one another. 
The phenomenon is illustrated in Fig. 1 
for two ideal metals A and B. As metal 
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Fig. 1. Temperature-composition diagram for 

AN IDEAL EUTECTIC ALLOY. 


TABLE I 


Name 


The Common Fusible Metals 

Melting 
point in 
degrees 
Centigrade 


Bismuth . 
Cadmium 
Lead .... 


231 

271 

321 

327 


To these four metals may be added mer¬ 
cury, which is often used to depress the 
melting point of the alloy still further. 

It is indeed surprising that from com¬ 
binations of these four metals, each alone 
melting above 200° C., it is possible to 
obtain an alloy which melts in hot water 
(from 70 to 100° C.). However, the 
phenomenon is a common one. Just as 

*L*w, “Alloys sad Their Industrial Appli¬ 
cations.” 


B is added to molten metal A, the freezing 
point falls along line AE. As metal A 
is added to molten metal B, the freezing 
point falls along line BE. The point E 
is the lowest freezing point attainable 
with any combination of metals A and B. 
It is known as the eutectic point. The 
composition of the alloy which melts or 
freezes at this point is known aB the 
eutectic composition. Eutectic alloys are, 
therefore, alloys having the lowest melt¬ 
ing points attainable with any combina¬ 
tion of the metals concerned. If a third 
metal is added to the “binary” alloy a 
"ternary” eutectic alloy may be ob¬ 
tained with a still lower melting point. 
The addition of a fourth metal may pro¬ 
duce a "quaternary” eutectic alloy with 
a still lower eutectic point. 
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The various binary eutectic alloys of 
the four fusible metals have melting 
points ranging from 125° C. for bismuth 
and lead to 249° C. for lead and cad¬ 
mium. The melting points of the ternary 
alloys range from 91.5° C. for bismuth, 
lead and cadmium to 145° C. for lead, 
tin and cadmium. Only one quaternary 
eutectic alloy is possible. It melts at 
72° C. 

History of the Fusible Alloys 
Ternary alloys of lead, bismuth and tin 
melting in boiling water have been known 
for several hundred years. These alloys 
were usually named for their discoverers. 
Most of them were not eutectic alloys, and 
many of the reported melting points have 
been found to be erroneous. Table II 
shows some of the more common alloys, 
together with reported melting points. 


TABLE II 

Common Fusible Alloys 


Name 


Composition 

Parts by weight 


a 

p 

1 

» 

Lead 

Tin 

Cadmium 

Mercury 

Reported n 
ing point d 
Centigrade 

Newton’s metal .. 

. 8 

5 

3 



94.5 

Robo’s metal . 

. 5 

a 

2 



91.6 

D’Areei ’» metal . 

50 

25 

25 



91.6 

Liehtenberg’s metal 5 

3 

2 



91.6 

D’Areet’s metal 







with Mercury .. 

. 50 

25 

25 


250 

45.0 

Wood’s metal .... 

. 50 

25 

12 5 

12.5 


65.0 

Lipowitz alloy ... 

. 50 

27 

13 

10 


65.0 


Robert Boyle 2 in 1662 mentions the use 
of an alloy consisting of bismuth two 
parts, lead one part, tin one part and mer¬ 
cury ten parts as a “ fluid amalgam, 
which being moved backward and for¬ 
ward in a clean glass vessel leaves a train 
behind it, adheres to the glass and foils 
or silvers it. It is therefore used in foil¬ 
ing the inside of glass globes.** While 
bismuth was not clearly distinguished 
from lead previous to 1737, it seems likely 
that Boyle recognized the difference. 
Rose *s metal was first prepared by Valen- 
2 Robert Boyle, * 4 Treatise on the Usefulness 
of Experimental Philosophy,” 1662 (about). 


tin Rose the elder about the middle of the 
sixteenth century. D’Arcet’s metal was 
discovered about the same time. It seems 
likely that the later alchemists used some 
of these fusible alloys in their attempts at 
transformation. 

Black 8 in 1803 mentions Newton’s 
metal, which becomes ‘‘fluid at a tem¬ 
perature something below that of boiling 
water. * * Black also mentions a proposed 
unique use of the alloy dissolved in mer¬ 
cury to “dissolve lead balls lodged in a 
wound** because “when dissolved in mer¬ 
cury it forms more fluid amalgams with 
other metals, particularly with lead than 
ordinary. * * He goes on to say, ‘ ‘ whether 
this would answer the purpose I cannot 
positively say because the bismuth or part 
of it, separates in the form of a powder 
while the lead dissolves which might pos¬ 
sibly prove inconvenient.** 

The use of cadmium to produce quater¬ 
nary alloys melting below 90° C. did not 
come till some time after the discovery 
of cadmium by Strohmeyer in 1817. 
Wood’s metal was first reported by Wood 
in 1869. For some time, it was considered 
to be the quaternary eutectic alloy. How¬ 
ever, it has been shown by a number of re¬ 
cent investigators that Lipowitz alloy is 
more nearly of eutectic composition than 
Wood *s metal. Melting points ranging 
from 60° C. to 80° C. have been reported 
at various times by various investigators 
for these two alloys. As a matter of fact, 
since the two alloys are so nearly of the 
same composition they should both melt 
at the eutectic point. The writer 4 has re¬ 
cently shown that these alloys do both 
melt at the same temperature. A num¬ 
ber of recent investigations have placed 
the freezing point of the eutectic alloy at 
close to 70° C. 

Uses of the Fusible Alloys 

The uses of the fusible alloys have been 
many and sundry. Alloys rich in bis- 

* Joseph Black, * ‘ Elements of Chemiatry,” 
1808. 

4 S. J. French, Jour . Ind, Eng. Chem., 28: 
111-112, 1986. 
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muth were early used in type metals and 
for making impressions of wood carvings. 
Bismuth gives to the alloy the property 
of expanding on freezing. Hence, Bharp 
impressions are obtained. 

D’Arcet’s metal found early use for 
making anatomical molds. The metal was 
poured around the specimen and the 
fleshy parts of the specimen later dis¬ 
solved out with caustic solutions. 

Tin and bismuth alloys, because of the 
sonorous tones produced when struck, 
were often used in bell metals. Many of 
the alloys find use as low melting solders 
for tin, lead and pewter articles. Bis¬ 
muth has even found use in the past as an 
adulterant of mercury. A number of the 
alloys have found use as baths for tem¬ 
pering steel instruments. 

During the nineteenth century, a num¬ 
ber of the alloys found use as safety plugs 
on high pressure steam engines. When 
the temperature reached a dangerously 
high point, the plug melted, releasing the 
pressure. However, since the alloys used 
were non-eutectic alloys, a gradual 
change in composition took place on long 
exposure to temperatures slightly below 
the melting point. The melting point 
of the alloy rose and the safety plug be¬ 
came a source of danger. The use of these 
plugs was soon discontinued. 

In 1918 Steinmetz 6 suggested the use 
of eutectic alloys for calibrating thermal 
instruments, since the melting and freez¬ 
ing points of eutectic alloys are fixed and 
sharp. 

One of the important modern uses of 
these alloys is for making seamless ves¬ 
sels. This was particularly important 
during the war, when gas tanks of un¬ 
usual shape were needed for aeroplanes. 
The molten alloy is first made into the 
desired shape in a mold. Copper is then 
plated over the alloy to the desired 
thickness. The whole is then placed in a 
bath of hot water. The alloy melts and 
is poured out of the copper vessel. 

*0. P. Bteiauets, Jour. Am. Chem. Soe., 40: 
96-100, ISIS. 


The best known modern use is in the 
manufacture of automatic fire sprinkling 
systems. Openings in the pipe line at 
various intervals are sealed with metal 
stoppers held in place by a rod of fusible 
alloy. At a given temperature the alloy 
melts, releasing the stopper, and the 
sprinkler system starts. Fire doors are 
often held open by a bit of fusible alloy. 
On melting, the alloy releases the door, 
which closes by gravity. A number of 
other fire control and thermal instru¬ 
ments involve uses of the alloys. 

Physical Properties op the 
Quaternary Alloys 

Little published data have appeared 
on the physical properties of the quater¬ 
nary fusible alloys. Budgen 8 has studied 
the tensile strengths, hardness, flexibility 
and grain structure of some twelve 
quaternary alloys. His results are sum¬ 
marized below. 

The tensile strengths are rather low, 
being about one fourth that of copper 
and slightly better than that of tin. 
Elongation in the case of the eutectic 
alloy was 20 per cent. However, the 
elongation depended largely on the rate 
of loading. When 16.6 per cent, of mer¬ 
cury was present in the alloy, the tensile 
strength was greatly reduced. All the 
alloys split on gentle hammering or cold 
rolling. When loaded rapidly all the 
alloys possessed the property of extreme 
brittleness. When loaded slowly they 
were very flexible. In this respect, they 
resemble pitch. 

Alloys containing the greatest propor¬ 
tions of bismuth showed the greatest de¬ 
gree of hardness. The Brinell hardness 
number of the eutectic alloy was 18, 
almost as low as that of pure annealed 
aluminum. 

In grain structure the eutectic alloy 
and most of the others showed a fine¬ 
grained fracture. In micro-examination 
they showed the presence of four struc- 

«N. F. Budges, Jour. Soe. Chem. Ind., 48: 
200-808T, 1924. 
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tural constituents, those approaching 
eutectic composition showing the finest 
crystals. All tended to corrode rather 
rapidly when kept molten under water 
or liquid paraffin. 

Other Fusible Metals 
Mercury is the only other common 
metal of low melting point. It is some¬ 
times added to quaternary alloys to pro¬ 
duce quinternary alloys melting below 
70° C. However, the products obtained 
are somewhat unsatisfactory. The ten¬ 
sile strength and hardness fall off rap¬ 
idly. Melting points are rather indefi¬ 
nite. The alloy becomes pasty, then 
granular and hardens to a granular 
mass, losing much of the normal metallic 
property. Eutectic alloys are not 
formed 

There exists another group of low- 
melting metals which because of their 
limited supply have not yet found use 
commercially in fusible alloys. These 
metals are gallium, indium and thallium. 
Table III shows a section of the Periodic 
Classification of the elements, indicating 
the positions and melting points of these 
rare metals together with the common 
fusible metals. Interestingly enough, 
all these fusible metals are found closely 
grouped in the periodic table. 

table in 

A Portion or the Periodic Table Showing the 
Fusible Metals* and Their Mbltino Points 
in Degrees Centigrade 


Copper 

Zinc 

Gallium 

Germanium 

Arsenic 

lOfe 

419.4 

29.75 

958 

500(») 

Silver 

Cadmium 

Indium 

Tin 

Antimony 

060 

321 

155 

231 

630 

Gold 

Mercury! 

Thallium 

I*ad 

Bismuth 

1003 

-40 

303 5 

! 327.5 

271 


* The fusible metals are enclosed by the double 
line. 


The rare metals gallium, indium and 
thallium are, themselves, of considerable 
interest. Because they are high priced 
they have found little use, and because 
they have found little use they are high 


priced. They are rather widely distrib¬ 
uted, but few sources eontain sufficient 
quantities to make the recovery economi¬ 
cally practical with so little demand. As 
uses are found, the supply can be mate¬ 
rially increased and prices decreased. 

Twelve years ago, a gram of indium 
was unobtainable in this country. The 
metal was priced at ten dollars a gram 
(about $300.00 an ounce) with few pur¬ 
chasers. To-day, thanks principally to 
the work of Mr. William Murray,’ in¬ 
dium is cheaper than gold. It can be 
purchased in small lots at one dollar a 
gram and in larger lots at considerably 
lower prices. Indium was first discov¬ 
ered in 1863 by Reich and Richter. In¬ 
cidentally, Reich was a student of Stroh- 
meyer, the discoverer of cadmium, and 
was looking for thallium when he saw 
the strong indigo blue line so prominent 
in the spectrum of indium. The element 
was named for its prominent spectrum 
line. The metal, itself, is soft and lus¬ 
trous and remains untarnished in air. 
Alloyed with silver it gives an untamish- 
able surface. 

Gallium was discovered by Bois- 
baudran in 1875 and was named in honor 
of France. It was found to be present 
in Oklahoma zinc blends in small 
amounts by F. G. McCutcheon in 1915. 
It is lighter than indium and somewhat 
harder and does not tarnish readily. It 
melts quickly when held in the hand and 
will melt on a hot Bummer day. It is 
still among the very rare metals, retail¬ 
ing at eight dollars a gram (about $240.00 
an ounce). So far, it has found no in¬ 
dustrial uses and has been but little 
experimented with because of its high 
price. 

Thallium was first recognized by Sir 
William Crookes in 1861 by the bright 
green line of its spectrum. By 1862 he 
had isolated the new heavy metal re¬ 
sembling lead. The metal is soft and 
tarnishes quickly in air. It has found 

» S. J. French, Jour. dun. Ed., 11: 270-872, 
1034. 
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few uses since the more abundant and 
stable lead serves most purposes better. 
Some is used in making refractive optical 
glass. Like lead, the metal and its com¬ 
pounds are poisonous. The use of thal¬ 
lium compounds in depilatories has re¬ 
sulted in some serious illnesses. The 
metal is the cheapest of the three by far, 
retailing at less than four dollars an 
ounce. 

Qttixteunary and Hexernary 
AUjOYS 

Quaternary and hexernary alloys, 
containing the three rare metals together 
with the four common fusible metals, 
have recently been prepared by the 
writer. 8,9,10 ' 11 Such alloys have not pre¬ 
viously been reported in the literature, 
probably because high prices discouraged 
experimentation. 

Thallium is not very soluble in the 
quaternary eutectic alloy and apparently 
does not form a quaternary eutectic 
alloy. However, the addition of some 6 
per cent, of thallium to the quaternary 
eutectic alloy produces an alloy freezing 
at 66° C or about four degrees below 
the freezing point of the quaternary 
alloy. With further addition of thal¬ 
lium, the freezing point rises rapidly. 

Indium appears to be completely solu¬ 
ble in the quaternary eutectic alloy. The 
melting point of the alloy falls rapidly 
as indium is added. The lowest melting 
point, 46.7° C., is obtained with an alloy 
containing 18 per cent, of indium. The 
alloy freezes sharply at 46.5° C. The 
sharp freezing and melting points, to¬ 
gether with the type of cooling and melt¬ 
ing curves obtained, indicate that the 

» 8. J. French, Jour. 2nd. Eng. Chem., 27: 
1464, 3935. 

9 8. J. French, “The Effect of Thallium on 
the Melting Point of Indium-Lipowitz Alloy / 9 
“Metals and Alloys” (in press). 

io8. J, French and 1). J. Saunders, “The 
Effect of Thallium on the Melting Point of 
Lipowitz Alloy,” “Metals and Alloys” (Jan., 
393<n. 

Unpublished data obtained by the author. 


composition of the alloy comes very close 
to the eutectic composition. 

The properties of the indium alloy 
resemble those of the quaternary alloy 
very closely. The indium alloy is, how¬ 
ever, less easily corroded in air and 
water. Such an alloy, though more 
costly, has many advantages over the 
mercury alloy, since it retains its metal¬ 
lic properties 

Thallium is but slightly soluble in the 
indium alloy, and eutectic hexernary 
alloys containing both indium and thal¬ 
lium together with the four common 
fusible metals are not formed. As a 
matter of fact, the melting points of such 
alloys rise rapidly as thallium is added. 

Were gallium completely soluble in 
the indium quinternary alloy it should 
be possible to obtain hexernary alloys 
melting considerably below room tem¬ 
peratures. However, such does not seem 
to be the case While work on these 
alloys is still incomplete, the present evi¬ 
dence indicates that gallium is but 
slightly soluble in the indium alloy. 
The presence of about 1 per cent, of gal¬ 
lium lowers the melting point of the alloy 
about five degrees, to 41 5° C. Further 
additions have but little effect. More 
complete data on these alloys will be 
ready for publication soon. Gallium 
probably forms eutectic alloys with in¬ 
dium and zinc, for MeCutcbeon discov¬ 
ered the presence of gallium in the 
Oklahoma zinc ores by noting beads of 
liquid metal resembling mercury on the 
surface of a leady residue from the redis- 
t illation of zinc. On analysis, this liquid 
alloy proved to contain gallium, indium 
and small amounts of zinc. 12 An alloy 
containing 12 per cent, tin and 88 per 
cent, gallium has been reported melting 
at 15° C. 38 It seems likely therefore that 
a binary alloy of indium and gallium 

12 “Gallium, Germanium, Indium and Scan¬ 
dium.” Information circular 6401, IT. 8. 
Bureau of Minos, November, 1930. 

is N. A. Pushin, 8. Stepanovic and V. Stajic, 
ZeiU. Anorg. AUgem. Chem. f 209: 329-34, 1932. 
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could be prepared melting below 0° C. 
The cost of such an alloy would be pro¬ 
hibitive. From the evidence reviewed it 
seems unlikely that gallium would form 
a quinternary eutectic alloy with the 
common quaternary alloy 

Possible Uses of Quinternaky and 
Hexernary Alloys 

While these very fusible alloys contain¬ 
ing indium and gallium are too new to 
have any commercial uses as yet, great in¬ 
terest has been manifested in them. It 
seems likely that they will find their 
greatest field of usefulness in thermal 
controls of various types. 

Since the melting point of the indium 
alloy is so little above normal body tem¬ 
perature such an alloy may find use for 
making casts or impressions of features. 
The body can come m direct contact with 
the molten metal. Sharp finger print im¬ 
pressions can be made in this manner. 
The alloy after hardening can be plated 
with copper, then melted off for further 
use. The use of the alloy for such pur¬ 
poses will depend somewhat on the ex¬ 
pansion or contraction of the alloy when 
it freezes. While these properties have 


not yet been fully determined, superficial 
examination indicates a slight expansion 
on freezing. To obtain alloys melting 
down to body temperature, small amounts 
of gallium or mercury may be added. 

Alloys melting a little above body tem¬ 
perature might also find use in surgical 
casts. For this purpose the alloy would 
have to be impregnated in a cloth matrix. 
The warm flexible material could be 
wrapped around a broken leg or arm and 
allowed to set. If it were desired to 
change the position of the member, hot 
water bottles would melt the cast and 
permit the change to be made. 

Until the prices of the rare metals are 
still further reduced, uses of the alloys 
will be restricted to fields in which cost is 
of small importance or m which the alloy 
may be used over and over. In small lots, 
the indium alloy costs, to-day, close to five 
dollars an ounce. One per cent, of gal¬ 
lium added raises the cost to more than 
seven dollars an ounce. The more com¬ 
mon alloys melting above 72° C. cost, for 
the ingredients, less than ten cents an 
ounce. Little is known, as yet, about the 
physical properties of the quinternary or 
hexernary alloys. 
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Upon returning to Yaounde we called 
at once at the American Protestant Mis¬ 
sion and found that, although Mr. and 
Mrs. Johnston were then away, they had 
left a very kind letter for us, inviting us 
to stay at their home and to return there 
whenever we happened to be in Yaound6. 
The Negro steward of the Mission then 
showed us to two very pleasant guest 
rooms and our own three “boys” (two 
of whom had been Mission boys, recom¬ 
mended to us by Mrs Johnston) went 
into the kitchen and prepared our meals. 
Through the windows and door of the 
dining room we could look down past the 
well-kept flower garden over a fertile 
valley to the bold lumpy lulls in the dis¬ 
tance. We thought it spoke very well 
for the good influence of the Mission that 
Mr. and Mrs. Johnston could go away 
for several weeks and leave everything 
apparently wide open and solely in the 
care of their Mission boys. Moreover, as 
far as we could see, the church services, 
schools and farming work were going on 
quite according to schedule. 

Early the next morning I heard the 
measured sweep of a Presbyterian hymn 
tune rising steadily from the chapel 
near-by—an ancient Protestant hymn 
sung with strange accents and exotic 
voices but with great sincerity by black 
men who sensed its dignity. No wonder 
the good missionaries loved these people 
as their very own. I could not help con¬ 
trasting the order and decency and san¬ 
ity of the Mission and its churches, hos¬ 
pitals, schools and farms with the mis¬ 
eries of witchcraft, fetishism and canni¬ 
balism and with the unspeakable abomi¬ 
nations that used to be practised in this 
part of the world when a great chief 
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died and hundreds of people were sent 
with him into the grave. Even now per¬ 
haps this Eden is not without its serpent. 
Some day jealous ambition may de¬ 
throne the benign rule of the French 
government and of the missionary, a 
republic or a soviet may arise and the 
sordid history of Liberia may be re¬ 
enacted But at present the terrors of 
barbarism have been suppressed, and 
the corrosive evils of civilization have not 
yet devastated the people; peace reigns, 
the happy children play jackstraws, 
mother toils patiently in the garden and 
father lolls in the sun What next? 

After we had purchased supplies at 
Yaounde we set out for a village called 
Virneli (Mbalmayo) about fifty miles 
south of Yaounde, where gorillas had 
recently been reported. 

It was early in the dry season and 
therefore the best time for the repair of 
the roads. Consequently, in many of the 
villages that we passed perhaps thirty or 
more people, mostly women and children, 
were engaged either in bringing small 
baskets of earth and gravel to throw 
down on the road or in clearing the 
ditches. As we rolled along the well- 
made roads bordered with oil palms, the 
folks working there proved hardly less 
responsive to a smile and a wave of the 
hand than the people of the Congo. Our 
quiet-voiced and meek-mannered cook 254 
had brought in his hands his prized 
possession, a large mirror in a gilt frame. 
He was sitting on the baggage behind 
me and once in a while he would hold 
up the mirror rather shyly so that the 
women and children on the road could 
see their reflections in it. This never 
failed to bring smiles and a buzz of 
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MENDING THE ROAD. 


approval. Several times we passed chiefs 
who were out inspecting the work of 
their people on the roads. One of them 
was attired in a complete English riding 
habit and sat astride a very smart-look¬ 
ing horse; but bis attendant was holding 
the bridle. Such a display of superiority 
in Africa makes everybody feel better; 
the owner’s breast swells with pride and 
the people feel that a king has spoken to 
them. From the presence of the chiefs 
and of a policeman now and then we sus¬ 
pected that the people were not at work 
on the roads through any large-minded 
interest in the common weal but simply 
to free themselves from imprisonment 
for non-payment of taxes 
After a morning’s ride through a 
more or less forested country we arrived 
at Vimeli and were most kindly received 
by M Guillot, the Chef de Paste , who 
courteously invited us to share his resi¬ 
dence with him. His house, or group of 
houses, was set in the midst of a large 
open plaza covered evenly with fine 
gravel. He gave us an immense high- 
ceilinged room, where we set up our cots 


and lived very comfortably The square 
house was supported by a single high 
umbrella-tree in the middle, with wooden 
posts at the corners No nails were used, 
the parts being bound together with 
twisted strands from the oil-palm leaves. 
The walls consisted of a system of inter¬ 
laced uprights and horizontals like the 
ordinary native houses and for which the 
oil-palm likewise furnished the materials. 
The roof was covered with many layers 
of the immense folded-up leaves of the 
oil-palm and was practically rain-proof 
except at one small spot. 

While lying in bed and looking up at 
the rafters of this house I realized that 
the native builders must have employed 
at best only the simplest methods of mea¬ 
surement and calculations. Dr. James 
Chapin informs me that during his long 
stay among the Mangbetou and other 
native tribes of the Congo he and Mr. 
Herbert Lang took considerable pains to 
find out how the natives made measure¬ 
ments iq planning their houses. He said 
that they would take a stick of conveni¬ 
ent length and lay off the distance so 
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many times along each side of a parallel¬ 
ogram, but that they had no standard 
stick for measuring, and his own mea¬ 
surements showed that they did not build 
the walls strictly at right angles to each 
other, although in constructing a circu¬ 
lar house they knew how to describe a 
circle with a post for a center and a piece 
of fiber as a radius, in short, native 
Negro architecture and indeed their en¬ 
tire culture seems to be based on em¬ 
pirical methods rather than on precise 
measurements and calculations Any¬ 
how, our house at Virneli was just as 
cool and comfortable as one could reason¬ 
ably desire. 

M. Guillot was a delightful companion 
and we learned from him much that was 
of value and interest about the natives 
and the natural history of the region 
As Chef de Paste he acted as chief mag¬ 
istrate, and his court was crowded with 
people accused of minor offenses or seek¬ 
ing divorces or redress. Many difficul¬ 
ties arose from the inflexible opposition 
of both Catholic and Protestant Missions 


to bigamy and polygamy. When a man 
became a convert he had to give up all 
but one wife; but what was to become 
of the other wife or wives? We learned 
elsewhere that sometimes the cast-off 
wife would work in the fields for the 
Mission, but that her ex-husband would 
regularly call and take away her wages, 
apparently to repay him for the money 
he had invested in buying her from her 
parents. We heard also that some na¬ 
tives tried to be both Christians and 
polygamists at the same time. One can 
imagine that to the native man the 
chance to escape hell-fire and attain 
eternal bliss must at first seem well 
worth the price of a wife or two, 
even though each wife represents a big 
investment in cows or other goods and 
chattels, but practical difficulties arise 
when lie has to decide which wife to 
part with And probably the wives 
themselves are not altogether silent 
while the decision is being made Thus 
one can also understand why the French 
Government is said to discourage the 
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divorcing of second wives, and no doubt 
many quarrels, lawsuits and acts of 
violence must result from the turning 
out of helpless women from their own 
households. 

At M. Guillot’s 1 met two gentlemen 
who were connected with the French 
medical campaign against the sleeping 
sickness From them, as well as from 
official reports 1 learned that in recent 
years many villages had been almost 
wiped out by this disease, but that, after 
the sterilization of the dead and im¬ 
munization of the living by the traveling 
clinics, the mortality in a given district 
in the following year was greatly re¬ 
duced. In some districts the organisms 
responsible for the disease had even been 
eradicated so that the tsetse flies were no 
longer infected and were consequently 
harmless. 

The main square of Mbalmayo (the 
name of the town on the railroad, Vimeli 
being, as it were, a suburb of the town) 
offered a lively scene on market days, 
when rival shops employed barkers to 
yell at the natives, trying to persuade 
them that “our shop pays you the high¬ 
est prices and sells the best goods at the 


lowest prices.’’ But the natives, who 
had bombarded each other with verbal 
uproar all their lives, did not appear to 
be much influenced by the high-pressure 
selling agents. Here again no tongue or 
pen or camera could adequately convey 
the diversity and the comicality of these 
black folk. 

The railroad at Mbalmayo was liter¬ 
ally of pygmy size, with toy engines 
puffing about and blowing shrill little 
whistles. Down by the river the camions 
came to transfer great sacks of produce 
to tenders on the river. Here a ferry, 
comprising several large canoes, carried 
passengers across, while another ferry 
for autos was provided a little way up 
the river. 

Two big canoes at this place were 
equipped as hotise-boats. On one of 
them a very large powerful young 
woman of the big forest-Negro type was 
preparing food; several of the men on 
shore seemed to belong to the same big 
race. 

The smooth river gave back most at¬ 
tractive reflections of the opposite bank, 
and as one approached the other side in 
a canoe he saw an elaborate drapery of 
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long vines with the sun streaming down 
through the very high trees. The forest, 
although now ruined by the natives, ex¬ 
cept along the river bank, had evidently 
been of the general Congo type and 
doubtless had once harbored many chim¬ 
panzees and gorillas 


with two projections, and passing 
through leaves with serrate margins to 
the greatly subdivided leaf of the sapling 
and fully grown tree. 

One afternoon I heard music issuing 
from a drum and a xylophone in rapid 
march time, thus. 



ALFRED. 


During my walks around Vimeli I 
noticed that the very numerous um¬ 
brella-trees, in which the leaves are of 
the compound pinnate type, had grown 
up from a small bush in which one can 
trace a series of leaves of progressively 
complex form, beginning at the bottom 
with a more or less heart-shaped leaf 


POM, pom, pom, pom; 

POM, pom, pom, pom; 
Ptfmponuckle, 

Pdmpernickle, 

POM, POM. 

On one of my walks I came across two 
great streams of driver ants, which were 
transferring their pnpae across and 
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under the railroad track They had ex- the rails, but possibly after some dis- 
cavated a deep groove, which was in astrous experience with a train had 
some places almost a tunnel, extending abandoned this path and gone through 
down a steep embankment across the the ballast under the rails Untold 
hard clay ditch and path, under the thousands of workers streamed in one 
ballast of the track, across the clay path direction, carrying the pupae in their 
on the other side, into the thick jungle, jaws, suspended beneath their bodies. 
They had tried to cross the track over Both sides of the tunnel were guarded 



JACQUELOT. 


from a motion picture by J. M, McGregor 
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by aggressive soldiers with huge man¬ 
dibles. These stood in hundreds, rearing 
up on their hind legs, with their jaws 
in the air. At several places the soldiers 
were massed in a living lattice-work 
above the open groove. When I crept 
up with extreme caution the warriors 
became only vaguely uneasy and did not 
know which way to rush toward the foe. 
Hence, being well guarded with heavy 
shoes and puttees I was able to flick off 
the few that chanced to find their \>av 
above the soles of my shoes When 1 
blew down on the mass the pandemonium 
among the soldiers was intense, as they 
rushed out in all directions seeking the 
offender, but the workers streamed on 
with their burdens A grasshopper that 
I dropped into the middle of the path¬ 
way was hustled out of the way in a few 
minutes. 

After I had had a good look at the ant 
army, I hurried home to tell McGregor, 
who had been seeking for just such an 
opportunity to get motion pictures We 
immediately got the apparatus together, 
and he succeeded in getting many close- 
up views with a strong lens. McGregor 
went in shorts with bands of cotton 
around his legs He was so intent upon 
getting good pictures that lie allowed 
several of the soldier ants to get past his 
defences. Being an ardent entomologist, 
however, he allowed a few to bury their 
big mandibles in his skin; then he merely 
picked them off and would have pre¬ 
served them if it had been practicable. 
Twenty-four hours later we went again 
to get more pictures and the procession 
was still going; but on the third day it 
had vanished. 

Near the market-place at Mbalmayo 
there was a Greek merchant who owned 
a young captive gorilla, the liveliest 
specimen of his kind we had ever seen. 
On market days “Alfred,” as he was 
called, stayed in front of the shop, romp¬ 
ing with a little boy or held in the arms 
of one of the employees. The natives 



P'tom a motion pletiue by J H. McGregor 
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coming to town with their produce were 
much amused by his antics, in which he 
reminded one of a chimpanzee rather 
than a gorilla Alfred was most dexter¬ 
ous in hanging on to the post with one 
hand and two legs while holding a can 
of milk m his other hand. In drinking 
from the can, however, he was not par¬ 
ticular about how much milk he spilled 
on his jumpers If excited or especially 
interested in anything, he would rapidly 
beat his chest with his hands after the 
manner of adult gorillas. 



From a motion pictuie by J, H. MeOregor 
MONGOOSE GETS NONE. 
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M. Guillot also owned a baby female 
gorilla about eighteen months old and a 
number of other pets, including a parrot 
and a mongoose. The little gorilla was 



From a motion picture by J . H. McGregor 
REACHING FOR THE PRIZE. 


in excellent health and had the freedom 
of the house and environs. Most of the 
time she would sit quietly on the ground 
with her legs bent and her hands free to 
handle things—including the kitten. She 
was very deliberate but also very expert 
and adroit in all her movements. For 
instance, if she were eating a cracker and 
the mongoose came up and tried to 
snatch it, she would simultaneously turn 
her head away and push him away with 
one elbow, so that he had to make three 
or four sudden dashes before he could 
snatch even a piece of the cracker. In 
going after a bunch of bananas sus¬ 
pended from a horizontal support of the 
roof, she would climb up the vertical 
post by clasping it with hands and feet 
much as a native would climb a tree; 
then she would crawl along the under 
side of the horizontal beam, also grasp¬ 
ing it with hands and feet At such 
times the stresses on all the digits and 
especially on the thumb and great toe 
must have been exceptionally great. 

Sometimes she would swing over to 
the vertical wire and then down to the 
bunch of bananas, holding on by one 
hand to the horizontal above and hug¬ 
ging the bunch of bananas with her 
body, legs and one hand. She would 
break off a banana with the free hand 
anil hold it up to her mouth, then begin 
to strip the skin from the fruit. If she 
got tired holding on by one arm above 
her head, she would reach up with the 
other arm and release the tired one. 
When eating sugar-cane she held it by 
one hand and made very uncouth 
motions with her lips, almost like a 
human child. 

She used her hands to handle things 
with and her feet to cling with, and it 
was evident that in this young gorilla 
the differentiation of function between 
the hand and the foot, which culminates 
in the human stage, is already under 
way, in spite of the fact that when walk¬ 
ing on the ground the fore part of the 
body is supported by the knuckles of the 
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hand. So too in the young gorillas now ment, our boys and ourselves on a 
living in New York, Philadelphia and camion and left Vimeli. 

Washington, any one may see that the We carried also another passenger, the 
hands, in spite of their present use in little gorilla, which McGregor had pur- 
locomotion, are also used as true hands chased from M Guillot. She screamed 
and that their feet, at least normally, are terribly when shut in a large box behind 
used not for the delicate manipulations wooden slats, but was somewhat eom- 
of objects but merely to grasp with or forted when McGregor sat near her and 
for support in walking handed her bananas and oranges during 

After a week of intensive but unsue- the trip to Yaounde 
cessful hunting in the country centering On returning to the Mission at 



From a motion picture by J H McGregor 
EATING 8IJGAB-CANE. 


around Vimeli, Raven found that al- Yaounde McGregor secured some excel- 
though gorillas had frequently been lent motion pictures of two young go- 
killed in that neighborhood they were not rillas owned by Mr. Johnston. The larger 
sufficiently in evidence there at that time one, “Bushman,” was about three years 
to warrant further expenditure of time; old and in vigorous health. The small 
so he decided to go back again to one, still a baby, was also in excellent 
Yaounde Accordingly, after three days’ health but less rough and aggressive than 
due to the failure of a certain Bushman. Both would rush after their 
caniion to reach us on the day agreed black nurse and, grasping his legs, would 
upon, we took leave of our good friend ride along on his feet as he moved thus 
and host, M. Guillot, loaded our equip- handicapped. This clutching habit seems 
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to be congenital in both young gorillas 
and chimpanzees and may be of value in 
preventing them from getting separated 
from their mothers or nurses. 

During our several visits to the 
American Mission at Yaounde McGregor 
took a lot of other motion pictures of 
the little gorillas, Bushman and the baby, 
together with our own little gorilla. It 
was very amusing to watch the behavior 
of these three small gorilla children when 
playing together. All three seemed to 
recognize their own kin and betrayed no 
fear of each other. Bushman, being the 
oldest, largest and most aggressive, 
would sometimes grab our little one by 
the hind leg and start to drag her 
around; she would push him away with 
her elbows and try to bite him. When 
she went under a bench he would follow 
and be very rude and rough. She would 
retreat and sit down in the sunshine, 
and soon his easily diverted mind would 
be on the trail of another idea and he 


would try to push himself through a big 
hole in the wall. In running about the 
young gorillas already swung their long 
straight forearms back and forth and 
stepped outside of their right hands with 
their left hind feet, after the manner of 
adult gorillas. 

When the time came to leave we went 
down to the shops to purchase boxes and 
wire netting with which to make a cage. 
Raven made a fine one, light and strong, 
with nice straw on the bottom, but our 
little gorilla screamed like a baby when 
she was placed in it and exhausted her¬ 
self in vain efforts to push through the 
netting. 

McGregor and I then made ready to 
return home. We all hated to break up 
our pleasant fellowship in "the field and 
we should not have left Raven if we 
could have substantially furthered the 
main business of getting gorillas or have 
been really useful to him in his field 

wntUr Tliif + rafv /’i/vn'firlfl'ni fliuf 


IN QUEST OF GORILLAS 


221 


by taking a camion farther into the in¬ 
terior and away from the big towns he 
would be able to get his two gorillas in a 
short time and to return home soon after 
we did. Moreover, he intended to make 
his headquarters at the medical mission 
at Dja-posten, near the Gaboon border, 
where gorillas were reported to be nu¬ 
merous and where he would be in close 
touch with our friends, Mr. Harris and 
other American missionaries. 

A camion was solemnly promised for 
five o’clock next morning so that we 
could catch the train for Douala, leav¬ 
ing at fi 20 a. m But five o’clock and 
even five-forty came and still no camion, 
and we and our baggage were over a 
mile from the station. Also if we missed 
this train we would inevitably miss the 
boat sailing from Douala on December 
nineteenth. In desperation we got our 
own boys and as many others as we could 
commandeer to put our pieces of baggage 
on their heads and start on the trek to 
the station. Our promised camion never 
appeared, but on passing through the 
village we heard another camion just be¬ 
ing started on its way. We rushed up, 
told the driver our predicament and in 
a few moments were rolling down the 


long hill, sounding our horn to part the 
leisurely gangs of pedestrians. We ar¬ 
rived at the station in the nick of time, 
and the French stationmaster enjoyed 
screaming at the poor black ticket agent, 
who was patiently trying to calculate the 
tariff on our extra-weight baggage and 
to compute the other items wdiich make 
their railroad tickets look like hotel bills. 

As the train pulled out from Yaounde 
I could not help feeling uneasy and even 
guilty at leaving Raven alone, but in a 
lifetime of exploration being “on his 
own” was his normal state, and Africa 
had been kind to us so often that none 
of us could have anticipated what was 
to happen Meanw r hile our poor little 
gorilla w r as screaming in the baggage car 
with a peculiarly disturbing and baby¬ 
like cry and would not be comforted by 
oranges, bananas or sugar-cane. At 
every station her screams rang out and 
stopped only when we put our fingers 
through the wire netting for her to 
clutch tightly. Our hearts sank as we 
foresaw the difficulties of the long voyage 
home, but it w r as too late to retrace our 
steps and all we could do was to visit and 
try to quiet our little ward at every stop. 

All that day as we passed through the 
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Congo forests we gazed intently at it, 
realizing that this was our last chance 
to do so, at least on the present expedi¬ 
tion Again I regretted my lack of 
botanical knowledge, which might have 
given me some slight clue to this grand, 
chaotic battle of competing organisms. 
For the first time in my life I became 
aware of the very elementary fact that 
the height of any straight tree trunk 
must be an expression of the differences 
between two opposite forces continued 
over a long period of time: first, the 
universal downward pull of gravitation, 
and secondly, the upward thrust of an 
evenly balanced circle of live tissue 
growing up toward the light. But ex¬ 
actly how was the upward growth-pres¬ 
sure produced? Why did not the sap 
leak out through the roots, where the 
water was taken in? In other words, 
what held the column of water in place 
against gravitation? And why did the 
centrifugal or lateral pressure, which 
gave rise to buds and branches, produce 
such widely different results in different 
kinds of trees? I was so much inter¬ 
ested in these queries that I forgot to 
feel ashamed that I had to go to Africa 
to become aware of their existence. 

We arrived at Douala that evening 


and passed a busy following day doing 
some necessary shopping and securing a 
certificate of immunity from the organ¬ 
ism of sleeping sickness, without which 
we could not purchase our steamer 
tickets. At the laboratory where we 
were examined a French doctor took our 
records, while a black assistant skillfully 
extracted a drop of blood from our 
fingers and prepared a smear for micro¬ 
scopic examination. From an official re¬ 
port on the subject I learned tlial before 
the traveling hospitals are sent out to 
fight the sleeping sickness the black 
assistants are taught to be skilful tech¬ 
nicians, that they learn to make excellent 
microscopic preparations and can be 
trusted to make faithful and accurate 
reports as to the significant facts re¬ 
vealed by the microscope After secur¬ 
ing a clean bill of health we purchased 
our tickets and repacked all our baggage 
ready for our departure at six the 
following morning. 

That evening as we sat at dinner in 
the hotel a splendid big rhinoceros beetle 
came flying into the dining-room. Its 
flight was very clumsy, and its heavy 
black body and reddish wings gave it the 
appearance of a flying toy. I made an 
ineffectual attempt to catch it, but the 
waiter knocked it down and I then 
caught it in my handkerchief. Seizing it 
by the back I marvelled at its strength 
and at the curious way in which the tip 
of its great backwardly curved horn 
could be opposed to a crotch-like branch 
that grew out from its neck-plate. But 
as we had no means of preserving it, I set 
it free. 

One of the idiosyncrasies of many 
African hotels is that, as the managers 
and waiters have to stay up till very late 
serving refreshments to customers, they 
are mostly dead to the world early in the 
morning, so that the guest departing on 
the only optgoing train or boat of the 
day, which usually leaves around six in 
the morning, can get no breakfast and is 


IN QU$ST OP GORILLAS 


223 


lucky if he can bribe some boy to wake 
him in time. On the morning of the day 
of our leaving Africa 1 awoke at 4:00 
a. m. and, being afraid to go to sleep 
again, got up and dressed. At 4:30 
a. M., an hour and a half before we 
needed to leave the hotel, a black boy 
came to wake me So 1 passed the time 
in looking out the window, watching the 
brilliant stars, the tree frogs arid the 
fruit bats. Shortly before six McGregor 
and I (having sent most of our baggage 
down to the vliarf the afternoon before) 
took a few boys from the hotel to carry 
our remaining baggage and walked down 
a few blocks to go on board the tender, 
which took us down the long estuary to 
meet the A,vie Meanwhile our little 
gorilla had been very content, sitting on 
the lap of a black boy whom we hired to 
look after her day and night 

So we went up on board the big steam¬ 
ship and thus our share of the African 
expedition was practically finished. A 
few days later, after leaving Dakkar, we 
veered away from the African coast 
Here at Cape Verde the continent was 
slowly giving back before a furious at¬ 
tack of the ocean. Through our field 
glasses we could see immense waves boil¬ 
ing against the rocky cliffs and rushing 
through narrow openings in the rock. In 
some places the waves had worked their 
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way into the cliff from opposite sides, 
first tunnelling it and finally cutting 
through the arch above the tunnel, so 
that separate islands now stood as out¬ 
posts of the main mass. As this grand 
scene faded from view a troop of 
friendly dolphins came out to speed us 
on our way, and that was the last we saw 
of Africa 

(The next two sections, entitled respec¬ 
tively, Hunting Gorillas in West 
Afru'd” and “Men, Gorillas and Sleep¬ 
ing Sickness,” by H. C Raven, will con¬ 
clude the senes.) 
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Photography is of particular value to 
the scientist because it lias two character¬ 
istics which no other method of repro¬ 
duction possesses. It produces an accu¬ 
rate and impartial record of the field 
upon which its lens is trained, and it 
permits seizing and rendering perma¬ 
nent the more-or-less evanescent changes 
that ordinarily occur too rapidly for 
complete study. These valuable proper¬ 
ties of the photographic camera have 
such wide application that inspired 
hands from all fields of science have 
worked toward the perfection of the 
chemistry and physics of this scientific 
tool In the medical sciences there has 
been need of special photography for 
particular purposes, and ingenious de¬ 
vices for photographing almost inacces¬ 
sible parts of the body have been devel¬ 
oped. To-day specialized photographic 
apparatus for medical purposes has 
reached a high degree of perfection, and 
it is possible to photograph such fields 
as the interior of the stomach or the 
retina of the eye with such good results 
that the photograph secured is perfect 
enough to form the basis of an accurate 
study or diagnosis. 

This perfection has not come imme¬ 
diately, but has been the result of much 
work and experimentation. The devel¬ 
opment of photography as applied to 
medical sciences before 1900 is especially 
interesting because in that period of its 
development all the fundamental meth¬ 
ods were invented, and although there 
have been many improvements since, 
both in cameras and emulsions, the in¬ 
genious devices invented by these early 
workers have been the basis for the suc¬ 
cessful medical photography of to-day. 
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Photography has served medical sci¬ 
ence in two ways. First, it has been a 
research tool, and as such it has been 
used to make records for detailed studies. 
Iu the clinic, for example, visual exami¬ 
nations can not always be accurate and 
complete, and so photography lias been 
employed for making permanent records 
from which careful studies and compari¬ 
sons of a condition at different times can 
be made. It has also proved valuable to 
the physiologist, who used it with great 
success as a means of recording physio¬ 
logical function -with the photographic 
kymograph. The second use of photog¬ 
raphy is in the illustration of original 
scientific findings and in teaching. Here 
it is used to supplement or replace verbal 
descriptions. The availability of photog¬ 
raphy for this purpose depended, of 
course, upon the invention of inexpensive 
and efficient engraving methods in order 
to achieve quantity reproduction. These 
methods lagged behind the development 
of photography, and thus, as new photo¬ 
graphic procedures became available, it 
was not always possible to take full ad¬ 
vantage of them. Photolithographic 
methods found some use in the reproduc¬ 
tion of photographs, but it was not until 
the invention of the half-tone engraving 
method in 1882, by George Meisenbach, 
that a really efficient and inexpensive 
means of quantity production was avail¬ 
able. 

There were, however, some publica¬ 
tions before the invention of photo¬ 
engraving which contained original pho¬ 
tographic prints. In 1877 Bourneville 1 

1 The first of these three volumes, entitled 
1 ‘ Iconographie Photographique de la SalpStri- 
toe,” wan published in 1877. Two subsequent 
volumes were published in 1878 and in 3879. 
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published an excellent volume contain¬ 
ing over 50 prints made directly from 
negatives taken by Paul Regnard of 
mental patients in the hospital of Sal- 
petridre. The results were highly satis¬ 
factory, and some of the photographs 
reproduced in this book serve their pur¬ 
pose beautifully. In two subsequent 
volumes by the same authors, litho¬ 
graphic methods were used to reproduce 
the photographs. By means of these 
photographs and the detailed ease his¬ 
tories contained in these volumes it was 
possible for the student or practitioner 
to learn a great deal. Some of the early 
atlases of pathology and skin diseases 
were also illustrated with photographs 
and serve to show what could be done 
with photography along this line. The 
wide-spread use of treatises of this na¬ 
ture was hampered, however, more by the 
restrictions of the manifolding processes 
than by the photographic difficulties of 
the time. 

Photographic Kymographs 

The inherent characteristic of photog¬ 
raphy—its ability to stop motion, and 
thus seize some segment of time to hold 
it fixed and available for a leisurely, 


accurate study—has been used with the 
greatest effectiveness in the analytical 
studies of motion. Jules Marey in 1885 
used photography for the analysis of 
movements in man, animals and birds. 
For part of his work he made a series 
of exposures on the same plate, which re¬ 
sulted in a composite photograph show¬ 
ing successive positions of an individual 
performing such commonplace acts as 
walking, running or jumping By taking 
a series of pictures in rapid succession he 
obtained a similar result, and these ex¬ 
periments, with the work of Muybridge, 
the Lumiere brothers and others, formed 
the foundation of the modern motion pic¬ 
tures. 

It is frequently of great value for the 
physiologist to be able to record in some 
permanent fashion the physiological 
changes that take place so quickly that 
they can not be studied directly with any 
degree of accuracy. For example, a 
single heart beat takes place in less than 
a second and can not possibly be studied 
directly. This was partially solved by 
Ohauveau and Marey in 1863, the heart 
writing a record of its contraction 
through a system of levers upon a smoked 
paper. This was a great contribution to 



FIG, 1. THE PHOTOGRAPHIC METHOD OF RECORDING THE PULSE WAVE 
DEVELOPED BY STEIN FROM MARKY'S SCHYGMOORAPH IN 1886. 
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physiology because it gave experimenters 
a means of accurately studying the func¬ 
tion of organs. But it had the disad¬ 
vantage of losing many of the delicate 
features of physiological function in the 
comparative crudity of the levers and 
mechanical contrivances which trans¬ 
lated the function into a graphic record 
upon the .smoked paper. To overcome 
this difficulty photography has been used 
with great effectiveness. The plate in a 
cassette, or photographic paper on a 
kymograph drum, is moved rapidly be¬ 
hind a slit in a light-tight box, and the 
record made with the aid of light. Fig. 1 
shows the arrangement used in 1885 by 
Stein for recording the pulse wave photo¬ 
graphically. This arrangement did not 
differ markedly from Marey’s sphygmo- 
graph, in which the pulse wave was re¬ 
corded on smoked paper. The record 
was made with a beam of light passing 
through the perforation in the screen to 
the photographic plate as it was drawn 
past the slit This photographic method 
of recording did not have any very great 
advantage over the usual smoked paper 
method. It eliminated the friction of the 
writing point against the smoked paper, 
but did not overcome the greatest diffi¬ 
culty, which lies in the mechanical losses 
of the lever system 

The value of the photographic method 
of recording lies in another arrangement 
by which most mechanical losses are 
practically eliminated. This method was 
foreshadowed by Czermak in 1883, when 
he demonstrated the pulse in his lecture 
room by allowing the sun rays from a 
heliostat to fall upon a thin plane mirror 
lying on an artery. The mirror reflected 
the rays of light upon a screen, and thus 
the pulsations, greatly magnified, were 
made visible. He suggested the use of a 
moving photographic plate for making 
permanent graphic records of the move¬ 
ments. 

Such an arrangement has been used by 
Wiggers in his work on endocardia] pres¬ 


sures. In his optical manometer an ar¬ 
rangement was used which transmitted 
the endocardial pressures to a diaphragm 
which actuated a small mirror. A beam 
of light falling upon this mirror and re¬ 
flected to a moving film made a graphic 
record of the changes in pressure. This 
method was so far superior to the me¬ 
chanical methods that had been used pre¬ 
viously that for the first time the condi¬ 
tions of pressure inside the heart and 
large blood vessels were understood. 

Variations in pressure can also be re¬ 
corded by another photographic method. 
Tissaiuler in 1874 described in his book 
on photography 2 a method of recording 
temperature or barometric pressure by 
allowing the shadow of the mercury 
column to fail upon a photographic 
paper moving behind it in a light-tight 
box. This method is the most direct way 
of measuring variations in pressure and 
has been used widely for types of work 
in which delicate changes in pressure 
must be recorded, such as measuring 
intra-oeular or intra-eramal pressure or 
for recording changes in volume in 
pletliysinograph ic work The principal 
loss from the inertia of the fluid is small, 
and since there are no other losses even 
the most delicate fluctuations leave their 
mark upon the photographic film or 
paper. 

The general arrangement used for 
making recordings of this sort was to 
enclose the drum carrying the photo¬ 
graphic paper or film in a light-tight 
box, on one side of which was a slit under 
which the film or paper passed. A glass 
tube of uniform bore was placed over the 
slit, and if the liquid within the tube was 
opaque, like mercury, a record resulted 
in which the lower half of the paper or 
film was unexposed, the light from the 
exterior being interrupted by the mer¬ 
cury. If water was used, the rays of 
light were brought to a sharp focus by 

a^Les ftJerVeilles de la Photography , 19 by 
Gaston Tlssander, Paris, 1874. 
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the water, and this part of the paper or 
film was much darker than the portion 
covered by the tube containing air which 
diffused the light. In some cases a drop 
of an immiscible liquid, containing a dye 
which interrupted the light, was made to 
float on top of the water column, thus 
more sharply delineating the two areas. 

The study of action currents has been 
accomplished almost entirely with the 
aid of photography, which was used in 
early investigations to record the fluctua¬ 
tions of the mercury meniscus of the 
capillary electrometer. As early as 
1878 Marey described methods of photo¬ 
graphing the fluctuations of the mercury 
meniscus m the Lippmann capillary 
electrometer, and in 1887 Waller studied 
the action currents of the human heart 
by strapping zinc electrodes, wrapped in 
chamois and soaked in brine, to the chest 
and back. He photographed the fluctua¬ 
tions of the mercury meniscus of the 
electrometer as it responded to the 
minute electromotive changes in the 
heart by projecting the image onto a 
moving photographic plate. 

These methods were used by Ivrois in 
1895 and by Einthoven in 1900 in their 
pioneer work on electrocardiography 
Einthoven soon abandoned the capillary 
electrometer for a modification of the 
lVArsonval type of galvanometer which 
he invented and called the string gal¬ 
vanometer. In this instrument the move¬ 
ments of a fine platinum wire or a sil¬ 
vered quartz thread in a powerful mag¬ 
netic field indicated the action currents 
of the heart or other muscle. These 
movements are also recorded by photog¬ 
raphy. The projected shadow of the 
string is allowed to fall at right angles 
to a slit under which moves the film or 
paper, and the fluctuations of the string 
are recorded as a white line. In some 
of the more recent electrocardiographs 
the action currents are amplified and 
then led to a IVArsonval type of gal¬ 
vanometer, Light is reflected to the 



FIG. 12 A MICROSCOPE 

WITH ATTACHMENT FOR DAO 1T EUR EOT Y PE PHOTOG¬ 
RAPHY. This is thf arrangement used by 
Von G erlach in 1800. 

moving film from a tiny mirror mounted 
on the coil 

PHOTOMICItOGRA PHY 
The application of photography to 
microscopy was one of the first scientific 
uses of photography This was prob¬ 
ably because the microscope had already 
reached a stage of comparative perfec¬ 
tion by the early nineteenth century at 
the time photography was born, and it 
was a simple step to combine the two. 
This was facilitated by the camera lucida 
attachments of the microscope, which 
projected an image of the field onto a 
sheet of paper where it could be traced. 

Even before the perfection of the 
daguerreotype and ealotype processes, it 
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FIG. 3. WALMSEY’8 PHOTOMICROGRAPHJC APPARATUS OF 1883 
It is typical of the type used during this period. 


has been reported that Wedgewood and 
Davy applied their pioneer methods to 
microscopic* photography; and in 1837 
tl. B. Keade made photographs of ento¬ 
mological specimens and sections of vege¬ 
table tissues with a solar microscope. 
He used paper coated with nitrate of sil¬ 
ver and fixed the image with an infusion 
of galls. However, it was not until 
Daguerre and Talbot perfected their 
methods that photomicrography was 
really successful. 

The actual arrangement of the camera 
and microscope for photomicrography 
was simple, and has not radically 
changed even to the present day. Im¬ 
provements have come mainly through 
the perfection of photography and to 
better methods of illumination. The 
arrangement used by such early workers 
as Donne in France in 1840 consisted of 
a box suitably arranged to carry the 
daguerreotype plate, fitted over the end 
of the draw tube of a microscope. After 
the selection and focusing of the field 
was completed, the eyepiece of the 
microscope was removed and the image 
allowed to fall upon the sensitized plate. 
Illumination was usually by sunlight, 
although for lower magnifications gas or 
kerosene lamps were used. Donn6 in 


1840 presented to L’Academic des 
Sciences a series of photomicrographs 
made on daguerreotype plates, and in 
1845 published with Leon Foucault an 
atlas which contained engravings taken 
directly from daguerreotypes he had 
made Fig. 2 shows one of the daguer¬ 
reotype cameras arranged for micropho¬ 
tography. 

Two problems confronted these early 
workers: first, the refinement of the 
photomicrographie apparatus and, sec¬ 
ond, the development of suitable illumi¬ 
nation. Many modifications of the sim¬ 
ple camera and microscope were used. 
Moitessier in 1866 used small plates 
which were placed over the draw tube of 
the microscope after removal of the eye¬ 
piece. The plates were held in a shallow 
box arranged with suitable shutters for 
exposing the plates. This shallow box 
was held in position over the microscope 
by a frame, and by means of a sliding 
arrangement the openings were succes¬ 
sively brought into proper relations with 
the microscope. This arrangement was 
modified by Verick in 1885. His appa¬ 
ratus consisted of a long shallow box 
which fitted over the draw tube of the 
microscope after the removal of the eye¬ 
piece. In this shallow box were five 
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movable plate carriers which could be 
brought successively over the openings of 
the microscope tube. Another arrange¬ 
ment used by Benceke in 1869 consisted 
of a rotating disk which carried the 
plates and brought them successively 
over the opening of the microscope tube. 
In all these arrangements a small nega¬ 
tive resulted and therefore these methods 
were particularly useful where weak 
illumination had to be used. There was 
also the advantage of convenience and 
portability, and of course a number of 
exposures could be made in rapid succes¬ 
sion The pictures produced were, how¬ 
ever, too small to be of great practicabil¬ 
ity and better results were obtained with 
the larger instruments. 

The large photomierographic cameras 
agreed to a large extent in their general 
arrangement. The apparatus of Walm- 
sey, Fig. 3, may be considered typical 
His apparatus, described in 1883, con¬ 
sisted of a bellows camera which was 
connected to the draw tube of a micro¬ 
scope by-means of a light-proof cloth 
This prevented the vibration incidental 
to inserting the plate holder from dis¬ 
turbing the adjustment of the micro¬ 


scope. Light from a kerosene lamp was 
used for illumination. Excellent work 
was done during this period by Maddox 
in England and Cox in the United States, 
both of whom used arrangements essen¬ 
tially the same as Walmsey’s. 

At the end of the Civil War work was 
begun by the United States Medical 
Museum for the study of 4 ‘minute ana¬ 
tomical changes characteristic of camp 
diseases, and of fever and diarrhoea.” 8 
As a result of this project over 1,400 
microscopic slides of both normal and 
pathological structures were collected, 
and it was thought desirable to make 
these findings more widely available. 
Drawings of these slides were not re¬ 
garded as ideal, and the far-seeing J. J. 
Woodward, who was in charge of the 
medical section of the museum, instituted 
efforts to reproduce this material photo¬ 
graphically. First under Assistant Sur¬ 
geon E. Curtis and later under J. .1 
Woodward himself, this pioneer work 
3 Tina undertaking is described in a rather 
rare publication of the Museum of the Hurgeon- 
General, “Report on the Extent and Nature of 
the Materials Available for the Preparation of 
a Medical and Surgical History of the Rebel* 
lion,” 1805 


7 



FIG. 4. PHOTOMICROGRAPHIC APPARATUS 
uskp by Woodward at the Museum of the Surgeon General in 1870. It was used in a 
DARK ROOM. The arc or magnesium light was contained in the housing “a,” AND THR 

PLATE CARRIED IN THE HOLDER tf g. ” 
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PIG 5. UBFLECTING ENDOSCOPE 


of Desormeaux adopted for photography. A 

PERFORATED MIRROR SET INSIDE THE JUNCTION OF 
THE TWO TUBES AT ‘ ‘ X , 9 REFLECTED LIGHT FROM 
THE BURNING MAGNESIUM RIBBON INTO THE 

sound 4 4 h ” Tiie camera is at “F.” 

was developed. Sunlight was used for 
illumination and the apparatus was 
arranged so that the rays of the sun were 
directed by means of a heliostat onto a 
condensing lens which focused them on 
the plane mirror of a microscope. A cell 
of ammoniacal copper sulfate solution 
was used to absorb the heat rays. The 
tube of the microscope was thrust into a 
long camera box and the connection made 
light-tight with a black silk cloth. Col¬ 
lodion plates were used and exposures of 
30 to 40 seconds were required. With 
this apparatus, magnifications of 7,000 
diameters were attempted, but the great¬ 
est success was achieved with the lower 
powers. 

It was hoped that these photographs 
eould be manifolded for general circula¬ 
tion by photo-lithography, but at that 
time this process proved to be unequal 
to the task of reproducing the fine tex¬ 


tures of the photographic negative, and 
hand engravings were finally made from 
the photographs. 

In 1870, Woodward, dispensing with 
the camera as such and using a totally 
dark room, began experiments with arti¬ 
ficial light. The light source, consisting 
either of an arc light or a magnesium 
light, was enclosed in a light-tight box, 
and the rays were allowed to fall upon 
the achromatic condenser of a micro¬ 
scope after they had passed through an 
ammoniacal copper sulfate solution and 
a condensing lens This arrangement is 
shown in Fig. 4, which is taken from 
Woodward’s original report to the sur¬ 
geon general. 4 The microscope was 
focused with the aid of the eyepiece, 
which was then removed, allowing the 
image to fall on the plate. The plate 
was fastened to a support which could 
be moved about the room by means of 
castors. The pictures made with this 
arrangement were 5 inches in diameter 
and are still beautifully clear and sharp. 

The artificial light employed by 
Woodward was somewhat of an innova¬ 
tion. The illumination previously em¬ 
ployed was either sunlight for high mag¬ 
nification or the light of the gas or kero¬ 
sene lamp for lower magnifications. C. 
F. Grehore of Boston had made some use 
of an arc light, as had Moitessier with 
his small camera, and the oxy-ealcium 
light had been used by Dr. Wilson in 
1867. Using the arrangement shown in 
Fig. 4, Woodward experimented with 
both of these light sources with excellent 
results. He lays claim to originality in 
the use of this kind of illumination in the 
following words: “I have no hesitation, 
therefore, in claiming for the Museum 
and for myself the credit of having dem¬ 
onstrated the serviceable character of 
these lights as sources of illumination for 
the preparation of negatives with high 
* ‘ 4 Beport to the Surgeon-General of the 
United States Army on the Magnesium and 
Electric Lights as Applied to Photo-microg¬ 
raphy,” by J, J, Woodward, 1870. 
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powers, and of having devised a simple 
method which brings their use within the 
reach of every microscopist.” 

Among the ingenious auxiliary devices 
for photomicrography was the means of 
taking stereoscopic photomicrographs. 
This could, of course, be done by photo¬ 
graphing the images in the two tubes of 
a binocular microscope, but the same 
result could be obtained, as explained by 
Beneeke, by slightly tilting the slide so 
that two photographs could be taken at 
slightly different angles. He used a tilt¬ 
ing table which was attached to the stage 
of a microscope and he controlled the 
amount of inclination by the use of a 
wedge so that a matched pair of photo¬ 
graphs would result This was applied 
most successfully to opaque objects. 
Another device used in 1866 by Moites- 
sier consisted of a cap which fitted over 
the objective of the microscope This 
cap turned through an angle of 180 de¬ 
grees and obscured opposite sides of 
the objective successively Photomicro¬ 
graphs thus taken gave a stereoscopic 
effect when properly viewed. 

The inherent lack of depth of focus in 
the microscope was at least partially 
overcome by Villanes, who made succes¬ 
sive exposures of different planes of 
focus. He provided the knob of the 
micrometer adjustment of the micro¬ 
scope with an index pointer and circular 
scale. After noting the position of the 
pointer when the lowest and highest part 
of the object was in focus he made three 
or four exposures on the same plate, 
changing the index pointer to different 
positions on the scale between the two 
extremes of focus previously noted. The 
resulting negative is not as clear as one 
made with a single exposure, and this 
procedure has not enjoyed very exten¬ 
sive use. The problem of the small 
depth of focus in microscopic photog¬ 
raphy is inherent in the lens system of 
the microscope, and the most practical 
plan has been to focus on the most impor¬ 
tant part of the field. 


By 1890, amateur photography had 
become wide-spread, and with the 
ubiquity of amateurs no field of photog¬ 
raphy was left unexplored. This enthu¬ 
siasm is evidenced by the fact that in the 
American Annual of Photography for 
1891 there are three articles dealing with 
photomicrography. Although much of 
the work done by these amateurs must 
have been as a hobby rather than a 
science, it must be admitted that they 
simplified photomicrography to its barest 
essentials. One of these articles de¬ 
scribes an arrangement by which a box 
camera without any alteration whatso¬ 
ever may be used for photomicrography 
by bringing its lens almost into contact 
with the eyepiece of a microscope. The 
two are joined by a metal ring, and with 
a kerosene lamp for illumination excel¬ 
lent photographs were taken with an 
exposure of to 10 minutes. Quite 
recently this arrangement was reported 
as something new 

In recent years there has been a re¬ 
vival of interest in photography with a 
microscope among amateurs. This has 
been due, m part, to new developments 
of photographic materials and the use of 
color filters with panchromatic emul¬ 
sions. But another factor of probably 
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FIG. «. GASTRIC CAMERA 

DEVISED BY LANGE AND MflLTZlNG IN 1898. IT 
WAS CARRIED INTO THE STOMACH ATTACHED TO A 
STOMACH TUBE. THE BOLL OV FILM IN THE 
CAVITY U K” WAS DRAWN PAST THE LENS ft h n 
BY MEANS OF a COED EXTENDING THROUGH THE 
STOMACH TUBE, An ELECTRIC LIGHT 
EXPOSED THE FILM. 
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FIG. 7. EARLY METHOP OF PHOTOGRAPHING THE LARYNX. 

The subject manipulated the larynoological mirror, observing its movements IN THE 
mirror “c.” Light for illumination was furnished by the perforated mirror “ C. ’' 


greater importance lias been the interest 
of the modern artist in design. The 
artistic photographer has found that the 
microscopic world abounds in rich pat¬ 
terns and he has turned his camera to 
this new field for artistic inspiration. 

Photographic Endoscopy 

Endoscopy, or the visual inspection of 
hollow organs, was first accomplished by 
the insertion of a suitable metal tube into 
the organ. Examination was made with 
the aid of light reflected through this 
tube by a mirror perforated for observa¬ 
tion. Desormeaux, though not the first 
to make use of this principle, thoroughly 
studied the possibilities of such an ar¬ 
rangement for the visualization of the 
interior of the bladder. He began his 
experiments in 1852 and in 1855 had 
perfected his methods. A description of 
this instrument and the results of ten 
years’ experience with it were published 
in 1865. 

Desormeaux *s endoscope consisted 
essentially of a sound which was suited 


to the organ to be examined, and of a 
mirror set obliquely at the outer opening. 
A beam of light was reflected by the mir¬ 
ror, passed through the tube and illumi¬ 
nated the structures within. Light from 
the burning of a mixture of alcohol and 
turpentine was used for illumination. It 
required but small modifications of this 
instrument to adopt it for photographic 
purposes. Fig. 5 shows Desormeaux’s 
endoscope combined with a photographic 
cameraWith proper sounds this appa¬ 
ratus could be used to make photographs 
of the urethra, bladder and rectum. A 
modification depending upon the same 
general principle of observing or photo¬ 
graphing the field through a perforated 
mirror was used by Brunton, who devel¬ 
oped an otoscope, which was easily 

o This figure is reproduced from * * Das Licht 
im Dienste Wissenschaftlicher Forsehung,'' by 
Sigmund Stein, published in 1885. Stein was 
very active himself in applying photography to 
the sciences and his book describes in a great 
detail the photography of his day in the service 
of science and contains many illustrations. 
Figs. 1, 2, 5, 7,10 and 12 are from this book. 
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adapted for photography by the addition 
of a suitable camera. 

Attempts were made to photograph 
the stomach by similar methods without 
success. Photographic gastroscopy was 
too great a problem for reflected light, 
and indeed even when illumination of 
the stomach cavity by means of an elec¬ 
tric light carried into the stomach with 
the stomach tube made visual gastros¬ 
copy comparatively simple, practical 
photography was still extremely difficult 
Visual gastroscopy was attempted with 
some success by Kussmaul in 1868, and 
Trouve in 1873, but it was not until 
Mickulicz in 1881 used a small electric 
bulb on the end of the gastroscope to 
illuminate the stomach that observation 
became really possible, and even then it 
was attended with practical difficulties. 
Photography of the image seen in the 
gastroscope was successfully achieved by 
Eisner, who in 1928 was able to photo¬ 
graph the image observed with the gas- 
troseope, but the procedure was too 
complicated to be practical. 

Successful photography of the interior 
of the stomach was finally accomplished, 
however, by the innovation of introduc¬ 
ing the camera itself into the stomach. 
This arrangement seems to have been 
first used in 1898 by Lange and Meltzing, 
who took advantage of the then compara¬ 
tively new flexible film. A small strip 
of this film a little more than 4 mm m 
width was rolled into a loose spiral and 
placed in the end of the apparatus in the 
small cavity at K in Pig. 6, which is a 
reproduction of an illustration from the 
article by these investigators. This film 
strip was drawn past the lens L through 
the slot S by means of a strong cord, 
whieh extended through the lumen of the 
tube to the outside. By pulling this cord 
a short distance after each exposure, suc¬ 
cessive negative images could be secured 
on the film strip. The exposure was 
made by turning on the light for one half 
to one second, A circular negative 4 mm 


in diameter was secured. This ingenious 
device was, however, limited in its suc¬ 
cess. The difficulty of orienting the 
camera made it too much like “ shooting 
in the dark ’ ’ for practical use 

This development was the forerunner 
of the gastrophotor, invented by Heil- 
pern and Forges in 1930, in which 8 
stereoscopic photographs covering the 
entire interior of the stomach are taken 
by means of pinhole cameras which 
eliminated the necessity of focusing. 
After uncovering the pinholes a single 
flash of intense light lasting for l/120th 
of a second exposes the pictures x\ll 
portions of the stomach are photo¬ 
graphed simultaneously, and the exact 
conditions of the interior of this organ 
can be determined. Although it lacks 
the advantage of showing natural colors, 
there is no doubt but that this recent 
achievement of photography will prove 
of the greatest diagnostic value. 

Photography of the Larynx 

Early attempts to photograph the 
larynx were made by Johann Czermak 
in 1860. lie had improved and exten¬ 
sively used the laryngoscopical mirror 
which had been devised by Robert Liston 
and Garcia in about 1854. His photo¬ 
graphic methods consisted essentially of 
photographing the image in the laryngo- 
logical mirror. The subject manipulated 
the laryngological mirror observing its 
reflections of the larynx by means of a 
small plane mirror. Light was thrown 
into the pharynx by a concave mirror 
with a central opening similar to the 
present-day head mirror. An observer, 
by applying his eye to the opening in this 
mirror, could observe approximately the 
same image in the laryngeal mirror as 
the subject. Photography was accom¬ 
plished by placing a camera behind the 
perforation of the head mirror in the 
same position as the eye. The kerosene 
lamp, which was not sufficiently bright 
for photography, was replaced by sun- 
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light. By this means Czermak was able 
to make fairly good photographs of the 
normal larynx. He was handicapped by 
the comparatively primitive state of 
photography, and of course, since auto- 
laryngologieal methods were used, the 
application was distinctly limited. 
Minor improvements on the general 
method used l>y Czermak were made by 
Stein, whose arrangement is seen in Fig. 
7, and the same methods were used by 
others, but without marked improvement 
over the results obtained by Czermak 
In 1884 Lenox Browne and Emil 
Bhenke used photographs to illustrate 
their book, “Voice, Song and Speech.” 
They attached a mirror to the shutter of 
the camera and the subject watched Ins 
manipulation of the laryngeal mirror in 
this mirror. Upon his signal the opera¬ 
tor tripped the shutter, and the exact 
image which he observed impinged itself 



FIG. 8. A PHOTOGRAPH OF THE 
LARYNX 

TAKEN IN 1884. The larynx IS SEEN RE- 
yLEOTED BY THE LARYNGEAL MIRROR IN THE CEN¬ 
TER OP THE PICTURE. 


upon the sensitive plate. By this simple 
arrangement, the parallax which was 
present in other methods was avoided. 
Light from a 10,000 candle power arc- 
light was used for illumination. This 
passed through a water chamber to re¬ 
duce the heat, through two plano-convex 
lenses and was reflected by a plane mir¬ 
ror into the pharynx A rapid rectilinear 
lens was used and an exposure of one 
fourth second was required. 

One of the photographs taken in this 
manner appeared as the frontispiece of 
“Voiee, Kong and Speech” and is repro¬ 
duced in Fig. 8. The actual image of the 
larynx is very small and the major por¬ 
tion of the plate is taken up with the out- 
of-focus image of the subject. In this 
photograph one can see how the picture 
was taken. The right hand is seen hold¬ 
ing the mirror, and the forefinger of the 
left hand, which has just been lowered 
as a signal to trip the shutter, can just 
be made out. The small portion of the 
plate containing the image of the larynx 
was enlarged by copying for detailed 
study. Photographs reproduced in the 
book were used to show the position of 
the vocal cords during the production of 
different notes in singing. 

These methods, while they reproduced 
the larynx, were subject to serious disad¬ 
vantages. They could be used only by a 
subject who had skill enough to demon¬ 
strate his own larynx, and were thus 
restricted in their use to scientists or 
investigators, and could not be used with 
ordinary patients. 

In 1882 Dr. T. R. French and Mr. G. 
B. Brainerd devised a method of taking 
pictures of the larynx which was both 
new and unique, and entirely supplanted 
the methods using the conventional 
camera. Dr. French was clinical profes¬ 
sor of diseases of the throat and nose at 
the Long Island Hospital of Brooklyn. 
There he treated Mr. Brainerd, a civil 
engineer fcnd amateur photographer, for 
a minor throat condition. Because of 
this situation, Mr. Brainerd became in- 
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terested in the problem of photographing 
the larynx and cooperated with Dr. 
French on the mechanical and photo¬ 
graphic part of the problem. After a 
few experiments using the conventional 
type of camera, they discarded it in 
favor of a small hand camera which iti 
appearance resembled some of the minia¬ 
ture cameras which are so popular to¬ 
day They worked two years perfecting 
their apparatus and procedures and 
finally were able to take photographs 
wherever visual examination of the 
larynx could be made with the laryngeal 
mirror. In its perfected form the cam¬ 
era was 10J by by l inches, with an 
achromatic meniscus lens J inch in 
diameter with a focal length of 1$ 
inches, and was held in a tube in front 
of the camera. The shutter was of hard 
rubber and dropped by gravity across 
the field when the release, located con¬ 
veniently m front of the camera, was 
tripped. To one side of the camera an 
arm carrying a slightly convex laryngeal 
mirror was firmly attached The mirror 
was thus kept in rigid relation with the 
lens and plate of the camera. An ar¬ 
rangement was made whereby five pic¬ 
tures could be exposed with one loading 
of the camera. 

The arrangement for using this instru¬ 
ment is seen in Fig 9, which is a repro¬ 
duction of cut in one of the original 
articles by Dr. French. Sunlight used 
for the illumination passed through a 
system of condensing lenses and was re¬ 
flected by a head mirror into the 
pharynx. The laryngeal mirror attached 
to the camera was manipulated by mov¬ 
ing the entire camera, which was held in 
the operator’s right hand while he ob¬ 
served the image through the opening in 
the head mirror. At the proper moment 
the shutter was tripped and the image 
secured on the plate was almost the same 
as that seen by the eye. The small 
amount of parallax could be compen¬ 
sated for after some experience. With 



TjARYNX 

BY MEANS OF A SMALL HAND CAMERA DEVELOPED 

by French and Brainerd in 1882 . Runlight, 

AFTER PASSING THROUGn THE CONDENSING 
LENSES, WAS REFLECTED INTO THE PHARYNX BY 
THE HEAD MIRROR. 

this apparatus and with the “instan¬ 
taneous exposures” of which it was 
capable, studies were made of the normal 
larynx during phonation and of the 
larynx in numerous pathological condi¬ 
tions. Without a doubt, this apparatus 
was the first method by which the larynx 
could be photographed in such a way as 
to yield results from which scientific 
studies could be made. 

Once it had been pointed out that 
large plates were unnecessary and that 
the usual bulky camera was a handicap, 
rapid strides were made. Sigmund 
Stein adapted to the photographic pur¬ 
poses the illuminated laryngoscopical 
mirror developed by Nitze and Loiter 
and patented in 1878. This mirror car¬ 
ried a small electric bulb cooled by a suitf- 
able water system at the apex of the 
laryngological mirror. This was com¬ 
bined with a small camera essentially 
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FIG. 10. LARYNGEAL CAMERA. 

Stein's improvement of French and Biiainkkd’s camera An electric bulb cooled by cir¬ 
culating WATER FURNISHED ILLUMINATION 


similar to that of French and Brainerd, 
except that an electrically operated 
shutter was used. The small electric 
bulb held close to the larynx was more 
efficient than the sunlight and made the 
investigator independent of the weather. 
Stein’s camera is shown in Fig. 10 



FIG. 11. ROSEBURGH'S APPARATUS 

FOR PHOTOGRAPHING THE FUNDUS OCULJ OF THE 
EYE IN 1864. The EYE WAS PLACED AT “D,” 
LIGHT FROM THE LAMP <*G f > WAS REFLECTED 
INTO THE EYE BY A GLASS PLATE SET IN THE 
JUNCTURE OF THE TWO TUBES. A LENS WAS 
PLACED IN THE TUBE “B” AND THE PLATE- 
HOLDER IS AT “E.” 


Thus photography of the larynx be¬ 
came practical, and the most recent im¬ 
provement has been an instrument de¬ 
vised by Otto Ehrentheil and Franz 
Black, in 1932, in which a tiny pinhole 
camera with an electric light is carried 
back into the pharynx to make a direct 
photograph of the larynx. 

Photography of the Fundus 
Oculi 

As early as 1862 attempts to photo¬ 
graph the retina were made by Noyes of 
New York. He was unsuccessful, how¬ 
ever, and his negatives only imperfectly 
represented the retina. He described his 
methods before the Section d’Ophthal¬ 
mologic du Congres Copenhague in 
1864. Sinclair of Toronto, Canada, also 
made some attempts, but both of these 
investigators encountered great diffi¬ 
culty, due to reflections from the cornea 
and the movements of the eyeball during 
the long time required for exposure. 

The first successful photography of the 
fundus oculi was accomplished by Rose- 
burgh in 1864. A reproduction of an 
illustration of his camera which appears 
in his original report is shown in Fig. 
11. A plate of glass set at the junction 
of the two tubes served to reflect the light 
from an external source into the eye and 
also allowed the image of the retina to 
pass to the sensitive plate. The wet col¬ 
lodion process was used, and an exposure 
for five seconds was required when 
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bright sunlight was used for illumina¬ 
tion. With such brilliant light it was 
found impossible to photograph the 
human eye, but by using eats which were 
anesthetized with chloroform and whose 
pupils had been dilated with atropine, he 
secured photographs of the fundus oculi. 
This apparatus could also be used as an 
ophthalmoscope if a kerosene lamp was 
used for illumination, and a ground glass 
replaced the photographic plate. Rose- 
burgh mentions troublesome reflections 
from the cornea and surfaces of the 
lenses, which interfered greatly both in 
photographing the eyes of cats and in 
examining the human eye. These re¬ 
flexes or flares M have proven most 
troublesome in all attempts at fundus 
photography, and many of the subse¬ 
quent efforts of investigators were 
directed toward the problem of their 
elimination. 

The apparatus of Roseburgh was modi¬ 
fied in 1880, by Liebreieh, who used a 
perforated mirror instead of a plane 
glass to refleet light through the pupil. 


The perforated mirror for the examina¬ 
tion of the fundus was devised by Helm¬ 
holtz in 1852, and was subsequently used 
extensively by the pioneer ophthalmolo¬ 
gist Albrecht vou Graefe It was a 
simple matter to combine this with the 
camera for photography. Liebreieh*s 
apparatus is shown in Fig 12 A metal 
concave mirror 11 mm in diameter with 
a perforation located at its center, re¬ 
flected light through the pupil and onto 
the retina, while a lens located immedi¬ 
ately behind the perforation in the mir¬ 
ror projected the image to a photo¬ 
graphic plate. The pupil was dilated 
with atropine, and an are light mag¬ 
nesium light or the sun was used for 
illumination. The eye was in some 
measure protected from this brilliant 
illumination by a blue-violet glass or a 
cell containing a solution of ammoniacal 
copper oxide, located in the tube between 
the mirror and the eye. Exposures of 
i to 2 seconds were required, and a pic¬ 
ture 1 to 3 cm m diameter was produced, 
depending on the lens system used. 
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Flares or reflexes were not the only 
obstacles encountered in photographing 
the fundus oculi. The reddish hue of 
the retina necessitated extremely long 
exposures with the red-blind emulsions. 
To overcome this, Barr in 1887 used 
plates which he bathed in a solution of 
erythrosin, silver chloride and ammo¬ 
nium hydroxide to increase theif sensi¬ 
tivity to the red color. This was a mate¬ 
rial aid, but the problem of illumination 
was still a difficult one. The retina is too 
sensitive to be subjected to excessive 
illumination, and yet an unusually large 
amount of light is required for photo¬ 
graphic purposes. 

This problem appears to have been 
solved by the use of a brilliant flash of 
light furnishing an intense illumination 
for a short period during which the film 
or plate is exposed. Uuilloz in 1893 
focused the camera and arranged his 
mirrors and lenses by means of a gas 
lamp, the light of which did not injure 
the eyes. After proper adjustments had 
been made a magnesium mixture was 
pushed into the flame giving a flash for 


the exposure. A similar arrangement 
was used in 1902 by Thomer, who 
aligned the flash and adjusting lamp so 
that after the image was focused prop¬ 
erly the flash illuminated the same field 
as the lamp. Friedrich Dimmer, in the 
same year, used a brilliant arc, the light 
of which was obstructed by means of an 
opaque glass and when the shutter was 
tripped the glass was momentarily 
drawn aside 

In the illumination of the retina 
Thorner and Dimmer attempted to elimi¬ 
nate flares, by projecting a beam of light 
through only a portion of the pupil, 
leaving the central pari for photo¬ 
graphic purposes. This principle, as it 
was finally developed in the Nordensen 
camera of the present time, has made it 
possible to eliminate these flares almost 
entirely and, as a result, the photogra¬ 
phy of the fundus oculi has readied its 
perfection. With the Nordensen camera 
many beautiful studies of the fundus 
oculi have been made—studies which 
even surpass drawings and sketches in 
their value for teaching and record. 



THE EMERGENCE OF THE CICADA 


By Dr. W. W. COBLENT2 

NATIONAL BUREAU 01* STANDARDS, WASHINGTON, D. C 


After spending: almost seventeen the cicada {Cicada scptemdecim or so- 
years underground, undergoing various called seventeen-year locust) from its 
stages of development, the emergence of yellowish-brown semitransparent shell is 



Plate 1. 
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Plate 2. 
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an occurrence that enthralls all who 
have an opportunity to watch the event 

Having plenty of specimens available 
in my back yard, and finding so many 
persons, young and old, interested, once 
their attention was called to this phe¬ 
nomenon, it was instructive to secure a 
photographic record of this transition. 

Although the emergence of the adult 
from the shell is a fairly continuous and 
orderly process, there are several dis¬ 
tinct phases that are worthy of descrip¬ 
tion. 

First let us consider the exit from the 
ground. This occurs under trees 
(beeches, oaks, etc.) or places where 
there had been trees, the young, succu¬ 
lent branches of which had served as a 
depository for the eggs seventeen years 
earlier. 

Having spent all this time under¬ 
ground, undergoing the usual morphosis 
from larva to pupa, we found immature 
specimens of the latter while setting out 
bushes some three years ago, and again 
early in March and April of this year. 
Early in May some of the more hardy 
ones dug holes to the surface and waited 
for a warm evening to come out of their 
subterranean abode. It was interesting 
to watch them just beneath the surface, 
and, if disturbed, see them drop down 
about two inches underground, where 
they rested, secure from birds. 

The exit from underground occurred 
at sundown, or even earlier in the shaded 
part of a woods. The dry leaves fairly 
crackled as a dozen or more crawled 
toward the host tree, which some 
mounted to a height of ten to thirty feet. 
Late-comers settled on the trunk or 
mounted small bushes—anything that 
provided a good toe-hold, which is an im¬ 
portant item in the emergence from the 
hard shell. 

The propitious time for bursting and 
emerging from the chitinous casing hav¬ 


ing arrived, the ceremony preceding the 
event consists in rubbing the thick 
femora of the fore-legs over each other, 
then stroking the antennae with the fore¬ 
legs and sometimes stroking the sideB of 
the abdomen with the hind legs. 

Apparently this ritual is for the pur¬ 
pose of limbering up and facilitating the 
withdrawal of these organs from their 
hard casing — an important detail, 
judged by the high mortality as indi¬ 
cated by the number of insects that suc¬ 
ceeded in bursting the outer casing, but 
failed to withdraw the head and died in 
armor. 

On completion of the massaging cere¬ 
mony the insect proceeds very deliber¬ 
ately to sink its sharp-hooked daws into 
the underside of a leaf or the side of a 
tree upon which it is resting—but al¬ 
ways in such a position that, after par¬ 
tial emergence, the body hangs with the 
head away from the shell, back down¬ 
ward, so that the wings can expand 
freely—presumably assisted by the 
action of gravity (see Fig. 8). 

How does the insect burst its shell t 
That is an interesting event. Firmly at¬ 
tached to the leaf or bark by means of 
the sharp claws of its six feet, it pro¬ 
ceeds to draw the terminal part of the 
abdomen toward the central part of the 
casing. This is a step-by-step, wave-like 
process, as the segments of the casing 
expand, radially, in succession, from the 
tip of the center of the body. This puts 
great pressure in the region of the 
thorax, which bursts the casing at this 
point (see Fig. 1). The round appear¬ 
ance of the casing, after emergence of 
the insect, as differing from the flat ab¬ 
domen before fracture of the shell, is 
well illustrated in Fig. 2. In one in¬ 
stance the insect worked perhaps fifteen 
minutes and, not succeeding in breaking 
the shell, suddenly walked off, leaving 
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me to find another specimen to photo¬ 
graph. 

Once the casing is broken the first 
stage of the emergence proceeds rapidly. 
In the course of a few minutes the part 
of the thorax containing the two con¬ 
spicuous black spots appears. Then the 
beautiful light-colored, orange-red eyes 
appear (Fig. 2). Notice the' unfolded 
wing extending under the translucent 
sheath. 

After further pulling (action shown 
in Fig. 2) the front legs are withdrawn 
(Fig. 3) and the insect swings back, as 
shown in Fig. 4. In this position some 
half a dozen filaments (“guy ropes”) 
attached to the sides and beneath the 
thorax are visible. After some kicking 
the hind legs are free (Fig. 5). 

In the course of five to ten minutes 
after swinging freely (Fig. 5) back 
downward, the small orange-yellow 
masses (wings) at the sides partially un¬ 
fold (Fig. 6), and movements are visible 
as the wings continue to expand (Figs. 
7 and 8). 

After the wings have partly unfolded 
the insect raises itself upward and for¬ 
ward (Fig. 9) over its shell, which it 
grips with its front feet, and proceeds to 
pull the rear end of its body out of the 
casing. This is a very active period, and 
sometimes it involves quite a struggle to 
release the abdomen. In Fig. 10 the in¬ 
sect is shown pulling with its fore-feet, 
trying to free its abdomen from the shell. 
By gently tapping its head with the finger 
I succeeded in inducing the insect to re¬ 
main quiet long enough (one second) to 
secure a fairly clear picture. 

Once released, the insect clings to its 
shell with its two sharp-clawed front 
feet, and swings its body free from its 
former armor. This allows its wings to 
expand. The various stages are shown 
in Fip. 11 to 13. 

In this stage the wings have a faint 


bluish-white glow, under a flashlight, 
and the outer vein is a light yellowish 
tint. In the early stages, the diaphanous 
membranes of the wings, between the 
veins, are bulged upward, giving the 
peculiar spottedness in the photograph 
(Fig. 13). As the veins expand and 
harden, these membranes become more 
taut. As the outer vein becomes hard¬ 
ened the wing folds closer to the body 
(Figs. 14,15,16). 

The rest of the body is, of course, 
white, except the two black spots on the 
thorax, which are conspicuous from the 
very beginning of emergence (Fig. 2). 
On first emergence the rest of the thorax 
appears a silky, faint-pinkish, white 
(Figs. 1 to 3). 

The complete emergence requires 
about thirty to forty minutes. In the 
course of the next hour or two the body 
of the insect grows darker and darker, 
and by the following morning it is en¬ 
tirely black (Fip. 16 to 19). 

If the English sparrows, gray squir¬ 
rels, crows, etc., do not get him, he is 
then ready to fly to the highest tree-top, 
where, by raising the tip of his abdomen, 
he emits his famous “A-a-a-a-a-o” note, 
which he repeats three to five times, and 
then pauses for a short rest. The last 
part of the note is much fainter and oc¬ 
curs when he drops his abdomen—ap¬ 
parently his vibrator is not properly 
damped. 

Only the male sings. The female is 
unable, and hasn’t the time to sing. She 
is busy with her lance-tipped ovipositor 
puncturing this year’s growth of succu¬ 
lent tips of trees and depositing several 
hundred tiny white egp, which in the 
course of a few weeks hatch into larvae 
that drop to the ground, to begin a new 
cycle of sixteen years of burrowing be¬ 
neath the surface, feeding upon the root- 
juices of vegetation; then, after a brief 
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existence as pupae, emerge from the 
ground in 1953. In the meantime, owing 
to the lack of sunshine, let us hope the 
mortality from rickets is not too great. 
Certainly they are not a good advertise¬ 
ment for the advocates of vitamin D, 
irradiated food, etc. 

Just why this interesting insect is 
doomed to a life of digging underground 
for almost seventeen years is an interest¬ 
ing question. Most other insects complete 
their cycle from egg to larva, pupa and 
maturity in from a few months to a year. 
Even his cousin the lyreman (cicada 
tibicen) appears biennially, with a differ¬ 
ent brood maturing yearly to enliven 
the hot August days with his shrill notes. 

But if nature has doomed him to dig¬ 
ging for 16 plus years, it has provided 
him with suitable tools in the form of a 
pair of thick-clawed, fossorial anterior 

Hatching from a spindle-shaped egg, 
about 2.5 mm. long and about one tenth 
that size in diameter, the most conspicu¬ 
ous part of the larva is the long antennae, 
the pin-point sized dark eyes (why eyes 
if he must work underground!) and the 
heavy-femured fore-legs, ready for dig¬ 
ging. Excepting for the lack of wing 
pads and the presence of unusually long 
antennae, the freshly emerged larva is 


not unlike the encased insect shown in 
the photographs. 

In spite of its extremely fragile ap¬ 
pearance, the newly hatched insect, if 
given the opportunity, at once proceeds 
to dig in, and in a few minutes has dis¬ 
appeared underground. This is a story 
in itself to those interested in the subject. 

From sticks containing eggs, picked up 
under trees, the writer has had pleasure 
in watching the process of development 
of the egg from an undifferentiated 
white spindle to the stage when it became 
tipped with two dark specks (the eyes). 
The spindle then began to vibrate, to and 
fro; and the larva broke open the casing 
and emerged. From these dry branches 
over 600 larvae were hatched, controvert¬ 
ing the popular belief that the sap in the 
tree is a necessity to development of the 
egg. 

My first experience with the cicada 
was as a boy of nine; they were “lo¬ 
custs” and I was not allowed to go bare¬ 
footed “because they would sting.” I 
was told also that they sang “Pharaoh” 
and the “ W ” on the wing meant ‘ ‘ war. ’ ’ 
Well, we have had plenty of war, within 
and outside the locust season. The 
“W,” “M” or more likely “N” is vis¬ 
ible near the tip of the wing (in Fig. 
19). 



THE TRENDS IN MODERN GENETICS 

AN EVALUATION OF CURRENT RESEARCHES 
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DEPARTMENT OP GENETICS, CARNEGIE INSTITUTION OP WASHINGTON, COLD SPRING HARBOR, N. Y. 


Genetics is that branch of science 
which investigates the origin, the devel¬ 
opment and the heredity of traits or 
qualities which, in the aggregate, consti¬ 
tute the inborn endowments of living 
organisms—plants, animals and men. 
Genetics involves also the study of the 
mechanism, the chemistry and the physi¬ 
ology of reproduction, and finally it con¬ 
cerns studies on the origin and evolution 
of species, and on those forces—both in¬ 
ternal and external—which effect the 
rise and fall of racial stocks. 

A generation has passed since genetics 
established itself as a definite scientific 
discipline. The foundation story can 
now be told from a historical point of 
view. 

Since the basic purpose of genetical 
research is to seek the truth about the 
inheritance of definite qualities in 
plants, animals and man, using all meth¬ 
ods and tools available, the questions 
arise: What are the main problems which 
now call for definite research in this 
science? Among these problems, what 
is their relative value in terms of chance 
of profitable discovery about genetical 
principles or in filling gaps in existing 
knowledge ? In view of the present 
status of the science of genetics as a 
whole and of the facilities and resources 
available, to what relative emphasis is 
each line of current genetical research 
entitled? The specific purpose of the 
present paper is to make such a short 
but critical review and to take stock of 
its lessons. 

As an art genetics is very old. As a 
modern science it is new and still finding 
itself. As a pure science genetics grew 
out of more definitely controlled and bet- 
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ter understood experiments in breeding. 
These experiments had for their main 
purpose the improvement of domestic 
varieties of plants and animals for man's 
use. The great impetus to research in 
many phases of organic evolution which 
science received a generation ago was 
due to the fortunate interaction of a 
number of things: First, there must be 
listed the general appreciation of the 
principle of evolution as a general rule 
in the organic world; second, the prac¬ 
tical increase in numbers, specialization 
and blood-purity of varieties of domestic 
plants and animals, and the better un¬ 
derstanding of both the basic principles 
and the practical rules by which hus¬ 
bandmen accomplished breed-improve¬ 
ment of their domestic stocks; third, the 
rediscovery of Mendelian principles in 
1900; fourth, the general advance in 
analytical methods and laboratory tech¬ 
nique in biological study, particularly 
the advance in cytology, embryology, 
biochemistry, physiology and psychol¬ 
ogy ; and fifth, the more critical applica¬ 
tion of mathematical analysis to research 
in biology, including the demand for 
more accurate and quantitative mea¬ 
sures, that is, for better yardsticks for 
the specific qualities under genetical in¬ 
vestigation. All these factors interacted 
to advance rapidly the effective organi¬ 
zation of the science of genetics, as the 
more critical study of the origin, the 
development and the heredity of the con¬ 
stitutional or inborn qualities in plants, 
animals and man had come to be known. 

Judged from past history and present 
status, in the following paragraphs we 
shall list briefly the principal subjects 
of genetical study, list the trends of re- 
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search, attempt briefly to evaluate the 
contributions of each line of study and 
to indicate the most profitable lines of 
genetical research for the immediate 
future. 

(1) Heredity and Environment 

Heredity and environment have, for 
many generations, been the subjects of 
long and warm debate. These debates 
have argued both pro and con: Which 
is more important, or which plays the 
greater role in the individual's status— 
heredity or environment? Or, to be 
more specific: In a given case just what 
part has heredity played and just what 
part has environment played in produc¬ 
ing the particular end-result, the quali¬ 
ties but not the causes of which no one 
doubts ? 

The truth seems that in every indi¬ 
vidual plant or animal at every stage in 
the individual's development, from the 
single cell to death from old age, such 
individual status is the resultant of the 
interaction of heredity and environment. 
These relative influences are rarely the 
same. In some qualities heredity seems 
to have been the controlling influence 
and in others environment. But the 
basic substances, structures and quali¬ 
ties on which environment must work 
are furnished by heredity. Whether the 
particular egg will develop into a mouse 
or a rat depends upon heredity; if a 
mouse, whether white or gray, again 
depends upon heredity; and if a white 
mouse, whether specially susceptible or 
resistant to some diseases, such as rick¬ 
ets, depends about 50-50 on heredity 
and environment. Hereditary resis¬ 
tance or susceptibility, which latter is 
resistance at the negative end of the 
scale, seems to be, in this case, acted upon 
by nutrition differentially among differ¬ 
ent family stocks. 

An essential part of the clear state¬ 
ment of every problem in genetics con¬ 
sists in provision for the relative evalu¬ 


ation of heredity and environment be¬ 
fore the more specific genetic problems 
are attacked. Science still needs many 
more specific data before it can gener¬ 
alize more satisfactorily on the heredity- 
environment problem. 

(2) The Mechanism op Heredity 

The special phenomena of heredity 
were found to parallel closely the spe¬ 
cial cytological phenomena found in the 
duplication, reduction, segregation and 
recombination of chromosomes and parts 
of chromosomes in the preparation of 
the egg and the sperm for union in bi¬ 
sexual heredity. This mechanism man¬ 
aged beautifully to prevent the piling 
up of chromosomes in bi-sexual heredity. 
The Mendelian rules, based upon the 
somatic ratios in the offspring, thus 
squared with both the distribution-ratios 
of the same definite somatic qualities 
among their ancestors ami with the 
chromosomal mechanism seen by the 
cytologist. These principles involve the 
concept of segregable units of heredity 
quite comparable, indeed, with the atom- 
concept in chemistry—-the principle of 
segregation and recombination. In cer¬ 
tain cases and in some forms of plants 
and animals the rule worked to perfec¬ 
tion, so that with the parallel develop¬ 
ment of definite knowledge about the 
mechanism of chromosomal duplication, 
segregation and recombination in the 
germ cells, a mechanism was found 
which explained the basic phenomena 
of heredity. 

Experimentation followed with many 
traits and qualities in many species and 
varieties of plants and animals and in 
many races and family-stocks of man— 
all seeking the needed “atom"—the unit 
of heredity. Thus the mechanism of 
heredity seen by the cytologist and the 
mathematical ratios of actual traits seen 
by the breeder in the Mendelian labora¬ 
tories tied up so well that at one time 
the whole problem seemed solved. Much 
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basic truth had been found, but the final 
generality which the beautiful tie-up 
promised was too simple and definite to 
tell the whole story. The main difficulty 
seemed to be that, while the unit-concept 
in heredity served a great use as did the 
"uncutable atom” in chemistry, it was 
so fixed a concept that it tended also to 
obstruct progress along other lines. 

(3) Mutation 

As a general rule experimentalists 
have not yet been able to show whether 
or when a mutation, which is a definite 
hereditary change in the species, is due to 
a chemical change in the nature of the 
gene or a portion of the chromosome, 
to a positional shift of chromosomes or 
parts thereof, or simply to different chro¬ 
mosomal combinations in egg and sperm, 
causing repeatedly a new but constant 
outcome in somatic development. 

Thus the genetics of segregable units 
of heredity is not the whole of genetics, 
promising as it seemed for a time. The 
behavior of many hereditary traits 
found by experimental and practical 
breeding resulted in the discovery that 
most such definitely diagnosable or mea¬ 
surable traits which are the basis of 
breed-improvement in plants, animals 
and man, are not based on single Men- 
delian units, but are instead exceedingly 
complex—like “giant molecules.” They 
are hereditary—they run-in-the-family, 
but they are complex. Finding the rules 
which determine the inheritance of each 
such quality—whether structural, chem¬ 
ical, physiological or psychological— 
whether in plants, animals or man— 
whether in single-celled organisms or 
in the highest primates—still presents 
the great problem of genetics which de¬ 
serves relatively more attention. 

(4) The Gene Concept 

The gene concept marks an important 
mile-post in genetical progress. A single 
gene can not be conceived as affecting 


only one somatic trait—one gene must 
certainly affect many somatic traits. 
Nor can one resultant in the soma be 
thought of as having been developed 
by or out of a single gene. Such a trait 
or somatic quality is the resultant of 
the interaction of a great host of genes, 
or chromosomal particles, if that defini¬ 
tion be held for the time being. 

There are now two senses in which the 
word “gene” is used, each of which is 
essentially different from the other. 
First, the gene may be conceived of as 
the smallest physical particle of the 
chromosome—possibly visible under the 
best microscope. Second, the gene may 
be thought of as the chemical and struc¬ 
tural forerunner in the fertilized egg of 
a given trait or quality in the adult. 
Tracing the development of this gene 
to the quality itself in the adult is a 
long process, and, in its very early 
stages, has never been satisfactorily ac¬ 
complished without serious gaps. Such 
a gene must be responsible solely for one 
trait and none other in the mature body. 

But, as earlier stated, most of the quali¬ 
ties of the adult which are measurable or 
definitely diagnosable and are of use in 
plant and animal breeding and in hu¬ 
man genetics and eugenics are not based 
upon a single or only a few genes, but 
more likely upon many hundreds of 
genes. Thus the effect of one gene or 
hereditary determiner is not constant, 
but is conditioned and determined by 
the particular combination with other 
genes in reference to the time and place 
of these unions as well as the chemical 
nature of the genes themselves. 

(5) The Gap Between the Gene and 

THE PrIMORDIUM 

There is at present a long gap in our 
knowledge along the stretch of develop¬ 
mental sequence from the gene to the 
first sign of a definite tissue or organ 
in the embryo. What is and where is 
the thing which represents the subse- 



THE TRENDS IN MODERN GENETICS 


247 


quest trait, tissue or organ from the 
time it was last seen, as a gene in the 
germ cell or fertilized egg, until its 
reappearance as the “anlage” for said 
quality, tissue or organ in the embryo? 
This long gap leaves the relation of the 
gene and the chromosome to heredity 
still without its major support. Success 
in this field seems clearly to demand a 
joint attack by genetics and embryology. 
Embryology seeks continued sequence in 
development. 

Biology demands still further col¬ 
laborative research to find out whether 
the chromosome and its constituent 
geneB (or at least the giant molecules 
or colloidal particles that appear to be 
genes) actually develop into or are 
otherwise responsible for the somatic 
traits or organs, as the science of cyto¬ 
genetics now postulates. Even if no 
such “gene — trait sequence” were 
found, each of the basic sciences con¬ 
cerned would profit substantially by a 
collaborative hunt and each would con¬ 
tinue to constitute a basic science in 
its own right. 

The major joint task for genetics and 
embryology during the next period of 
scientific study is work in this par¬ 
ticular field. If, ultimately, such joint 
studies work out as postulated by the 
cyto-geneticist, and numerous high points 
in this series are found, then the theory 
of the gene would stand as a principle, 
essentially in its present form, even if 
modified in detail. But if, after long 
search, such a “gene—trait sequence” 
could not be found, then the theory of 
the gene would be greatly weakened, 
and some other major explanation would 
have to be found for the mechanical basis 
of the heredity-pattern and also for 
the things and processes which might be 
found in the present developmental gap. 

(6) The Functions of the Nucleus 

The chromosomes have three primary 
functions: (1) to reproduce themselves 


exactly and thus insure continuity of 
the germ-plasm; (2) to prompt and 
guide the individual ontogeny to its 
somatic end; and (3) as a major body 
of molecules in the cell to give chem¬ 
ical and structural character and spe¬ 
cific physiology to the cell as a unit in 
some highly specialized organ. 

In duplication exact maintenance of 
chemical and structural character must 
be maintained in one cell-generation 
after another. In ontogeny the cell, 
beginning with the fertilized egg, must 
have the potentiality of developing 
along definite lines under definite con¬ 
ditions, but in its somatic end-tissue the 
nucleus, then highly specialized, has 
lost the power to reproduce itself, has 
reached a “blind alley,” so to speak, 
but is vitally essential physiologically 
to the organism. The salivary glands 
of the fruit-fly are a good example of 
such a “blind alley.” These several 
functions of the nucleus, along with the 
functions of the cytoplasm, are major 
fields for current genetical study. 

(7) The Measure of Hereditary 
Traits and Qualities. Yard¬ 
stick Invention 

Because most of the traits or qualities 
which concern organic evolution and 
heredity—and consequently are the basic 
elements with which mate-selection and 
the creation, rise and disappearance of 
species depend—are not single Mendelian 
units, nor even small groups of such 
units, but in the body of the individual 
are structural or functional qualities 
which for their somatic development 
depend upon the interaction of great 
masses of genes, such fact does not elimi¬ 
nate the necessity to describe and to 
define as a whole the somatic trait or 
quality under consideration; then to 
apply to it the principles of identification 
and diagnosis; then to apply the yard¬ 
stick for its definite measure. This is no 
small task. It must be remembered that 
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it required several thousand years of 
hard study by the whole human race to 
invent the more elementary yardsticks 
for the basic qualities of time, weight and 
distance—the c.g.s. system of modern 
physics. 

The measure of a hereditary quality 
in the individual may be accomplished 
by one of the following ways: (a) 
Mathematical yardstick; (b) Matching- 
standards ; (c) Description — definite 
diagnosis and case history. 

Genetics can make no substantial 
headway unless the hereditary quality 
in the individual is measurable or 
diagnosable with some degree of defi¬ 
niteness. Of course, the ideal situation 
would call for the application of an 
accurate mathematical yardstick, which 
would measure exactly the degree of 
development of the subject-trait in a 
relative scale from zero to one, or on an 
arbitrary but absolute scale of equal 
accuracy. 

Lacking such a yardstick, the next 
best genetical standard might be called 
the “matching-standard” in which a 
complicated anatomical or physiological 
or psychological quality of definite de¬ 
velopment is described, or a picture of 
it is set up as a standard against which 
the appearance of the same quality in 
a particular individual in a particular 
pedigree may be matched. The group 
of such matching-standards should com¬ 
prise at least “two, three or five” or 
preferably more definite structural or 
conditional degrees of the same thing. 

The third type of measure or standard 
might be called simply the definite 
diagnosis and case history. In this case 
the individual is described as having 
the quality or having it not. In the 
case of human stature, if the yardstick 
in inches or centimeters were lacking, 
and there were no individual against 
whom the particular measured person 
could be matched for height, the sub¬ 
ject might be described for height as 


(1) dwarf, (2) short, (3) medium, 
(4) tall or (5) giant. In the develop¬ 
ment of yardsticks for genetical use 
it is well, with the lack of a mathe¬ 
matical yardstick, to proceed toward 
definite standards—advancing from de¬ 
scriptive classes, to matching-standards 
and, finally, when possible to the mathe¬ 
matical yardstick. 

In genetical research great stress has 
quite properly been placed upon chro¬ 
mosomal study, but not enough upon 
the exact quantitative measurement or 
description or classification of those 
definite somatic qualities which are 
known to run-in-the-family. Practically 
it is necessary to know to what extent 
hereditary qualities can be broken up 
and recombined in heredity. It is neces¬ 
sary also to find the actual “breeding- 
units,” whether or not practical breed¬ 
ing has yet learned to segregate them. 

The whole matter of measurement 
comes in at this point. It is necessary 
first to measure the somatic end-product 
with which we are concerned both in 
theoretical study and in practical breed- 
improvement. Sir Francis Galton, one 
of the real founders of modern statis¬ 
tical science as an important depart¬ 
ment of applied biology, particularly in 
his use of mathematics as a research 
tool, was fond of saying: 

Until the phenomena of any branch of knowl¬ 
edge have been submitted to measurement and 
number it can not assume the status and dignity 
of a science. 

(8) Truth and Probability 

The philosophers have fought long 
and valiantly over the question: “Do 
natural phenomena obey exact laws 
down to the very remotest and infinite 
detail, or does the creative principle 
itself require a breach of this behavior 
and thereupon place consciousness, ap¬ 
preciation and purpose as essential ele¬ 
ments in the seheme of things t” 

In nearly every field of scientific re- 
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search the two principal things, when 
exactness is desired, are first the yard¬ 
stick and second, the principle of prob¬ 
ability. The Mendelian principles which 
have added so much to our knowledge 
of nature’s behavior in heredity, were 
based upon ratios which occurred, in 
certain cases, within a definite prob¬ 
ability. But in the field of mathematical 
analysis, there exists temptation to base 
conclusions upon the weak foundation 
of too few numbers and too little exact¬ 
ness of observed fact. Discovery of 
biological truth may be hampered as 
greatly by inappropriate or too much 
mathematical analysis as by the sacred 
postulates of over-orthodoxy or by pre¬ 
drawn conclusions. The investigator, if 
not extremely careful, is apt to provide 
one function by analysis, then to take 
this and build other functions upon it. 
Thus the temptation is to use derived 
values instead of observed data as the 
basis to which the investigation comes 
back very frequently in its search for 
truth. 

Nevertheless, there is a new and gen¬ 
eral appreciation of the principles of 
probability. For a long time it was 
thought that biology and inheritance 
were non-mathematical sciences; that 
physics, chemistry and astronomy were 
mathematical or exact sciences. It is 
found now that physics, chemistry and 
astronomy are less exact mathemati¬ 
cally, that is, they depend more upon 
probability-mathematics than formerly 
thought, and that, moving in the other 
direction toward a common ground, the 
biological sciences, by depending more 
upon probability, are becoming more 
mathematical. 

(9) The General Formula of 
Heredity 

Mathematically stated, the main prob¬ 
lem of genetics runs as follows: Given 
a measured quality in each of a certain 
group of near-blood-kin, by what prob¬ 


ability will the pre-indicated offspring 
possess this same quality within a defi¬ 
nitely measured class-range ? Successful 
prediction in such a case depends mathe¬ 
matically upon the location of the fluc¬ 
tuation-center of measurable values in 
the thing-predicted and the narrowness 
of fluctuation above and below this 
center. The more exact the fluctuation 
center and the narrower the range of 
fluctuation, the better the prediction, 
and the more certainly will the com¬ 
puted probability be found to point 
toward truth. 

All genetical predictions by mathe¬ 
matical analysis which seek a general 
rule of nature’s behavior depend ulti¬ 
mately, as for example the Mendelian 
studies do, upon the somatic ratios of 
the given quality among certain definite 
near-blood-km. 

(10) K = f(M,R) 

This is the general mathematical pic¬ 
ture of nature’s behavior in transmit¬ 
ting a trait or quality from one genera¬ 
tion to the next. 

K = f(M, R), that is, K is the prob¬ 
ability that, with a given M or measured 
quality in a given ancestor as the pre- 
diction-basis, the measured value of this 
same quality in the offspring will fall 
within the value R zt one half the 
selected class-range. 

Next to its biological basis the main 
thing in genetical study is mathematical 
analysis. In this latter field the pur¬ 
pose is to test postulates and to con¬ 
struct the best possible mathematical 
picture or pattern for tracing the be¬ 
havior of nature in the transmission of 
measurable or diagnosable qualities from 
one generation of living organisms to the 
next. While K = f(M, R) is the mathe¬ 
matical statement of the general formula 
of heredity, it is necessary in the case of 
each definitely measured trait in each 
species to find out just what these two 
functions are and how they work to- 
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gether. This has been done for the 
quality of racing capacity in the Thor¬ 
oughbred horse. This quality, which is 
highly hereditary—it runs-in-the-family, 
after being definitely measured in the 
individual could be investigated most 
profitably from the genetic point of 
view. 

( 11 ) The Probabiutt-Resultant 

With this quality of racing capacity 
in the Thoroughbred horse it was pos¬ 
sible to consider the matter of indepen¬ 
dence and synthesis of evidence. In 
this case the pattern formula of heredity 
—K = f(M, R)—first applied to the re¬ 
semblance of measured racing capacity 
in the sire to measured racing capacity 
in the foal (all other near-kin being 
randomly represented), furnishes one 
definite element or piece of evidence. 

Similar studies were made for each of 
the several nearest-blood-kin; it then 
became possible and feasible to work 
out the probability-resultant of all such 
pieces of independent evidence for the 
prediction of racing-capacity value for 
the offspring of any given specific set-up 
or group of near-blood-kin. Thus, given 
any pedigree set-up in reference to the 
same measurable or countable quality, 
and working out standards as the con¬ 
sequences of the analysis of at least 
1,000 cases for each kinship, genetics 
has the basis for applying the general 
or pattern formula to the specific qual¬ 
ity, and is thus able to compute the 
specific probabilities of given offspring- 
values when the measure of the subject- 
quality is given for each of the several 
near-blood-kin. 

(12) Other Genetical Needs 

While the evolutionary aspect of 
genetics as a controlled laboratory ex¬ 
perimental problem is making headway, 
the coordination between genetics and 
both the paleontological and the more 


recent histories of the species of plants 
and animals have been relatively ne¬ 
glected. Similarly the collaboration of 
the laboratory geneticists with the practi¬ 
cal breeders and improvers of plants and 
animals has been permitted to languish. 

The two main characteristics of a 
living organism are reproduction and 
development. Of these the more funda¬ 
mental is reproduction. In development 
a primitive cell may make undifferenti¬ 
ated colonies, then later may create 
specialized tissues and organs, but al¬ 
ways the essential germ-plasm—the 
primitive cell—remains behind and is 
continuous. The most striking thing 
about a living cell is that its chemical 
activity, instead of creating some de¬ 
sired structure or starting a peculiar 
train of development (this is ontogeny), 
starts a train of chemical and struc¬ 
tural reactions, the end-product of which 
is the exact duplicate of the cell which 
started the whole train. Thus the life 
cycle is represented in (a) reproduction 
of the germ cell, and in (b) the bizarre 
blind alley of somatic ontogeny. Ge¬ 
netical studies must keep this in mind 
always. 

Still another relatively neglected field 
concerns the single-celled organisms, 
which have a different genetics from 
the many-celled species. The germ-cell 
and the somatic cell in single-celled 
organisms are the same. Thus single¬ 
cell genetics offers a field of research 
which should be pursued more exten¬ 
sively as a well-integrated unit of study 
within the field of genetics. 

One degree down the scale of living 
forms below the single-cell organisms 
brings us to the virus, which now seems 
to be proven to consist of definite chem¬ 
icals, the unit of which is a giant mole¬ 
cule of some sort. This molecule seems 
to have one of the main essential proper¬ 
ties of living matter in that, under 
proper environment, the virus-molecule 
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can duplicate itself, like a catalyzer or 
enzyme which makes itself. The rela¬ 
tion of the behavior of the viruses, as 
recent discoveries have shown, offer a 
promising lead for more fundamental 
studies in the common field of bio-chem¬ 
istry, pathology and genetics. 

(13) The Relation of Genetics to 
Other Science 

If genetics fulfils its basic purpose, its 
fundamental researches will always be 
made in two fields: First, in experi¬ 
mental breeding and, second, in the 
study of natural evolution. Among the 
most essential tools needed for the in¬ 
terpretation of genetic data found by 
experimental breeding are the tech¬ 
niques worked out by the allied sci¬ 
ences of cytology, biochemistry, embry¬ 
ology, mathematics, paleontology and 
natural history. Pathology, psychology 
and education should be included in this 
list of critical sciences of use here. 

The relation of genetics to eugenics 
is very close, but eugenics can not be 
looked upon as merely a branch of 
genetics. At the beginning of the cen¬ 
tury, along with the development of 
genetics as a science, and inspired 
mainly by the work of Sir Francis 
Galton and his colleagues, the general 
rules of heredity began to be tested for 
definite traits in man, and thus the 
foundation was laid for eugenics as 41 the 
study of all agencies under social con¬ 
trol, that may improve or impair the 


racial qualities of future generations 
either physically or mentally.” 

(14) Relative Emphasis and Profit¬ 
able Trends in Genetics 

While genetics and eugenics have not 
always followed and are not now empha¬ 
sizing equably what are probably the 
most profitable phases of research in both 
pure and applied fields, still their net 
work has been exceedingly profitable in 
the discovery of truth, and to list the 
main lines only, the following fields of 
study are becoming more equably em¬ 
phasized by research institutions and 
colleges: 

Researches on: 

(a) The basic Mendelian principles. 41 The 
theory of the gene.” Specific cases. 

(b) The chemical and physical nature of the 
gene. 

(c) The biochemistry of genetics and develop¬ 
ment. The hereditary or constitutional 
aspects of immunity and susceptibility. 

(d) The induction of mutations, and the 
manipulation of chromosomes. 

(e) Bridging the gap by a more continuous 
picture between the gene and the first sign 
of the specific structure or organ in em- 
bryological life. 

(f) Yardstick invention and more definite 
diagnostic descriptions of traits and quaU- 
ties, whether by measure, or by clean-cut 
definition, or by matching standard. 

(g) The construction of correct mathematical 
pictures which show how nature behaves in 
the control of genetical processes, looking 
to the discovery of generalized rules which 
may tie up still more closely the predictable 
somatic ratios in pedigree-analysis with the 
reproductive and developmental machinery* 
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Introduction 

For the present writer it all goes back 
to a certain afternoon in the autumn of 
1901, when, a graduate student at the 
Johns Hopkins University, I sat at work 
in the general laboratory of the old biol¬ 
ogy building at the comer of Eutaw and 
Little Ross Streets in Baltimore. I was 
working late dissecting the head of a 
skate to get the blood vessel system, and 
what I found was not 4 ‘like the book.” 
Inexperienced, I worked and worried 
(all by myself) but could not find the 
blood vessels with bends and curves and 
positions as described and figured in 
“the book” I was using as a guide—and 
I became considerably disturbed. 

My equanimity was not heightened by 
the fact that about every fifteen minutes 
the janitor, who was wanting to close the 
laboratory and go home, would come to 
the big double doors, jingle his keys sug¬ 
gestively and look at me reproachfully. 
Each time I hurled objurgatory remarks 
at him and each time he retreated. 
Finally, however, footsteps came and 
halted in the doorway. Exasperated at 
both skate and janitor, I said in no very 
pleasant tones: “Confound you, Gard¬ 
ner ! Ill quit and go home. I can’t get 
the darned thing to agree with the 
book.” 

Then I was paralyzed by a mild voice 
which said, “What’s wrong, Gudgert 
Maybe I can help you.” And looking 
around I saw Professor E. A. Andrews. 
Thirty feet away was a chute to the 
lower regions through which we dumped 
the debris of our dissections for disposal 
in the furnace. Had it not been so dis¬ 


tant and so small, I think that in my 
extreme embarrassment I should surely 
have risked this rapid transit ad adver - 
num. 

Professor Andrews then came over, 
looked at my dissection showing the 
course of the blood vessels, and said: 
“The figures in the book you are using 
may be made from a specimen dissected 
by the author, but more likely they are 
generalized diagrams intended to fit the 
majority of cases. What you have is a 
very interesting abnormality, a marked 
departure from the normal.” That set¬ 
tled the question for me, and from that 
day till this, I’ve been looking for such 
departures from the ordinary and it is 
great sport. 

Abnormal Fishes Figured in the 
Old Fish Books 

The beginnings of our knowledge of 
any phenomenon in natural history go 
far back in the past, and the ultimate 
origins can of course never be found, but 
the proximate ones sometimes can. Who 
first figured fish abnormalities can not be 
stated, but I have found who first pub¬ 
lished figures of such. Into this history 
I purpose leading my readers, in the 
hope that they may share my interest in 
this “good hunting.” 

Eighteen years after the episode nar¬ 
rated above I came to the American 
Museum as editor to bring to completion 
Dr. Bashford Dean’s great “Bibliog¬ 
raphy of Fishes.” Before his untimely 
death, my distinguished predecessor, Dr. 
C. R. Eastman, had brought out Volumes 
I and II and had most ably begun a very 
252 
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fascinating section of Volume III, the 
“Pre-Linnaean” literature of fishes. 
This was to be a special bibliography of 
the old published writings on fishes from 
the editio princeps of Pliny’s “Historia 
Naturalis” from the press of J. Spira at 
Venice in 1469 to the appearance at 
Stockholm m 1758-59 of the two volumes 
of the tenth edition of Linnaeus’s “Sys- 
tema Naturae 99 This great work on the 
nomenclature of animals, in its tenth 
edition is everywhere accepted as the 
international date line in zoology, sepa¬ 
rating the old from the modern, and 
establishing recognized names for ani¬ 
mals and plants as of that date— 
1758-59. 

This “bibliographmg” the old litera¬ 
ture of fishes opened to me a most fasci¬ 
nating field for exploration and study, 
and into its wide expanse I have in the 
years since 1919 made many happy in¬ 
cursions. Into one little corner of this 
little explored territory—that marked 
“ Teratology or Study of Abnormal 
Fishes”—I now purpose taking the 
reader in the strong hope that he may 
find in it some of the interest I have 

In the first quarter of the 1500’s, and 
indeed in the brief space of 15 years 
(1507-1522), there were born in south¬ 
western Europe five men who were des¬ 
tined to set new standards for the study 
of natural history in the western world. 
Of most interest to me is the fact that 
these five established the science of ich¬ 
thyology on the deep and broad and solid 
foundations on which we are building 
to-day. Of these men (Belon and Ronde- 
let, Frenchmen; Gesner, a German- 
Swiss; and Salviani and Aldrovandi, 
Italians) and their work and books on 
fishes I have given some account in Isis 
(1935, vol. 22, no. 63, pp. 21-40, 5 por¬ 
traits). Here and now I wish to show 
that four of them (all unknowingly) 
first figured and described abnormal 
fishes, and—375 years later—started the 
present writer in an extensive study of 


all sorts of fish abnormalities. Perhaps 
these beginnings may have some interest 
for the reader even as for the present 
writer. 

A Salmon with a Hooked 
Lower Jaw, 1553 

The first of these old naturalists, 
Pierre Belon, published in Paris in 1551 
the first book ever devoted to fishes and 
having such a title page. Only ten fishes 
are described and figured—in crude but 
perfectly recognizable wood cuts—the 
first published figures of fishes known to 
me. However, the greater part of the 
book is given to the “Daulphin,” to the 
hippopotamus and the nautilus—since in 
those early days all water dwellers were 
grouped together. Really the fishes are 
the smaller part of the book. 

Two years later Belon published an 
enlargement of this work with a quaint 
title as follows: 

Petri Bollonii Cenomani 
De aquatUibus, Libri duo 
Cum eiconibua ad viuam ipsorum effigiem, quoad 
eiuB fieri potuit expressis. 

Ad amplissimum Cardinalem Castillionoeum 
Parisiis. 

Apud Carolum Stephanum, Typograplium 
Begium. 

M. D. LIII. 

Cum privilegio Regis 1 

After another two years, Belon pub¬ 
lished as his ichthyological opus the 
third, the enlarged and final edition in 
his native French. The title is as fol¬ 
lows- 

La nature et diversity des poissons 

avec leurs pourtraicta represented 
au plus prea du naturel.a 
Paris, 1555. 

3 Of Pierre Belon of LeMans 

Two Books Dealing with Aquatic Animals, 
With Effigies of These Drawn 
As Near to Life as Possible 
[ Dedicated to] The Most Renowned 
Cardinal Castillione 
[Published] at Paris 

At the Printing House of Charles Estienne, 
Royal Printer. 

1553 

With the Permission of the King. 
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FIG. 1. THE HOOKED LOWER JAW 

>F AN OLD MALE EUROPEAN SALMON. THIS IS THE FIRST PUBLISHED FIGURE OF A FISH 

abnormality. 


These, the earliest books on fishes, are 
so old, so rare, and so valuable that they 
are literally '‘worth their weight in 
^old. * ’ Belon, who was an 4 4 all-round *’ 
naturalist, wrote other books on natural 
history subjects. His book on birds con¬ 
tains on opposite pages skeletons of bird 
and man with the like bones identified 

a The Nature and Diversity [Variety] of Fishes 
with their Portraits Represented 
as Near to Nature as Possible 
Paris, 1555. 


and labeled—the nrst Known ngures m 
jomparative osteology. But let us re- 
turn to the fishes, where our particular 
interests lie. 

In both the 1553 and 1555 works, 
Belon figures the head of an old male 
salmon with the deformed upper and 
eharacteristic hooked lower jaw, as is to 
be seen in Fig. 1. This he thought to be 
the head of a female salmon, from which 
we may judge that he did not dissect his 
fish, since we now know that these de- 
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formed jaws are found on the male sal¬ 
mon only. The upper jaw in the Atlan¬ 
tic salmon undergoes only a moderate 
degree of deformity, as may be seen in 
Fig. 2A. But, as the drawing shows, in 
the Pacific salmon (Fig. 2B), the upper 
is even more deformed than the lower. 
Belon makes no remark on this deform¬ 
ity, and hence one may judge that he 
thought this the normal female head. 

Little is known as to the cause of this 
abnormality. It is a secondary sex devel¬ 
opment at the time of reproductory 
activity. It develops at this time—at 
about the age of four years—in the Pa¬ 
cific salmon, and after spawning these 
fishes die. This is not true of the Atlan¬ 
tic salmon, which for a fish has a rela- 


tially pathological appearance, charac¬ 
teristic of age, but produced [in part] 
by the irritation caused by blows of the 
snout, both during combats and in leap¬ 
ing over obstacles.” 

It should be emphasized that this is the 
first published figure of a salmon with 
the hooked lower jaw, and the first figure 
ever published of a teratological (».e., 
deformed) fish. As such it is worthy of 
having particular attention called to it. 

A Pug-Headed Carp, 1555 

The second of our old ichthyologists 
was Guillaume Rondelet, regius profes¬ 
sor and for the latter part of his life 
chancellor of the famous old medical 
school of Montpellier. This is only a few 



tively long life span. Hence this curi¬ 
ously hooked lower jaw is very character¬ 
istic of old male Atlantic salmons, as 
may be seen in Fig. 2A. At the front of 
the upper jaw, in these salmons there is 
a groove formed in which the point of 
this hook fits. 

The function of this peculiar hook is 
still in dispute. It was at one time 
thought that the male used it in making 
tiie so-called “nest” in pebbles and sand 
for the reception of the eggs. Then it 
was found that the female without a hook 
does most of this work. Next it was be¬ 
lieved that the hook was used by the male 
to hold the female in spawning, but this 
idea also has been abandoned. Of it 
Smitt, the Scandinavian ichthyologist, 
writes: “The least violent explanation 
appears to be that the hook is an essen- 


miles from the Mediterranean Sea, whose 
fishes Rondelet described. 

In 1554, Rondelet published at Lug- 
duni* in quarto size his “Libri de 
Piscibus Marinis,” in which 244 fishes 
are described and nearly all figured. In 
1555, Rondelet published (also at Lyons) 
his “Universae aquatilium Historiae 
pars altera, cum veris ipsorum Imagini- 
bus, ” which is a continuation of the 1554 
work and is bound with it. In this book 
he figures salmons with faint beginnings 
of hooked jaws. Some of his figures are 
crude and several suggest abnormalities, 
but I can not be sure save of one of a 
carp now to be noted. 

8 Lugdunl Gallormn—Lyons of the Gaula in 
France—is to be distinguished from liugduni 
Batavorum—Leyden of the Batavians in Hol¬ 
land. Both cities were book-publishing centers 
of great activity in the 1500’s. 
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This is presumably an attempt to portray a round-headed carp. 


His “Cyprinus of a wonderful kind” 
(Fig. 3 herein) is the first published 
figure of a pug-headed fish. This fish, 
which our old doctor purchased alive at 
a fish market in Lyons, puzzled him 
greatly. It had the body, tail, fins, eyes, 
scales, etc, of a carp, but it had a bulg¬ 
ing forehead and a very short upper jaw. 
Still, however, it was a carp, but as he 
thought and called it, “of a strange kind 
. . . with a snout like a dolphin.” This 
abnormality bears characteristic designa¬ 
tions as Bulldog-head, Pug-head, Lion- 
head; Tete de chien, Bouledogue Tete; 
Lowenkopf and Mopskopf—in the En¬ 
glish, French and German languages, 
respectively. But in all cases the name 
applies to a fish with an abruptly 
rounded forehead, a very short upper 
but a normal lower jaw. 

This fish looks as if its head (exclusive 
of the lower jaw) had been “pushed in” 
by strong frontal pressure, the upper 
jaw having almost disappeared, while 
the lower remains normal. This abnor¬ 
mality is due to the fact that, because 
of some internal disturbance (probably 


glandular) during development, the long 
bone forming the base of the skull fails 
to develop normally. This basal bone 
either fails to grow to normal length or 
it elongates but buckles up in the eye 
region, causing marked exophthalmia 
(protuberant eyes). In either case this 
ties down the bones which form the up¬ 
per jaw and the anterior part of the 
skull, and results in the formation of the 
bulging forehead and abbreviated upper 
jaw. 

This is the first published figure of a 
carp with a bulldog head, and the second 
of an abnormal fish. However crude 
some of Rondelet’s woodcuts of fishes 
are, it must be said that this figure is a 
very good one—comparing favorably 
with some recent ones of this same abnor¬ 
mality in the carp. This, however, can 
not be said of the next abnormality to be 
considered. 

A Round-Headed Carp, 1558 

Conrad Gesner, a German-Swiss, be¬ 
cause of his great erudition was known 
as the German Pliny. This cognomen 
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was based in part on the publication at 
Zurich from 1551-87 of the five huge 
folio volumes (the last posthumously) of 
his great encyclopedic “Historia Ani- 
malium,” in which was contained all 
that had been published up to his time 
plus all that he had learned of the nat¬ 
ural history of animals in his travels 
and studies. Of this “Liber 1111”—“De 
Piscium & Aquatilium Animantium 
Natura”—is devoted to fishes and other 
water animals. These are arranged al¬ 
phabetically and treated in extenso. 
Many of his figures and much of his data 
are taken from Belon and Itondelet— 
especially the latter. 


figures, does he reproduce the figure of 
the pug-headed carp. However, as we 
shall see in the next section, he goes 
Rondelet not “one” but “several” 
better. 

Gesner on p. 373 of his Liber IIII 
figures what he justifiably calls a 
“Cyprinus rarus & monstrosus.” That 
he was wise in his choice of title may be 
seen on observing the fish portrayed in 
Fig. 4. Gesner also did not have this fish 
in his hands but only a painting of it sent 
to him by Achilles Pyrminius Gasserus, 
a physician of ‘Augsburg. He expressly 
says that this fish, taken in November, 
1545, from Lake Constance near Retz in 



FIG. 0. ALDROVANDI 'S FAT-HEADED SEA PERCH. 
The first illustration of this curious anomaly. 


Gesner lists Rondelet’s “Cyprinus 
mira specie” and gives his description. 
He declares that a similar pug-headed 
carp had been sent him by the classical 
scholar and writer Gilbertus Cognatus 
(Cousin), of Nozeroy in France, who had 
taken it in 1543 in a swamp and had 
kept it alive in an aquarium (the second 
alleged case of such—recall Rondelet’s 
live specimen). The other was taken in 
Brandenburg, Germany, in 1546. This 
he did not receive, but he had a drawing 
of it sent to him by Johann Thannmyl- 
lerus of Augsburg. These fishes Gesner 
says were similar to Rondelet’s, but he 
does not figure either fish, nor, after 
reproducing scores of Rondelet *s other 


western Austria, had a face like a human 
in forehead, eyes, mouth, nose, cheeks 
and chin. Another drawing of another 
similar malformed fish, taken in October, 
1545, from the river Eirs near Retz, was 
sent to Gesner by Raphael Seiler, another 
Augsburg doctor. This drawing showed 
another carp which in its features 
“omnia effigie humana habuit.” 

Gesner’s Latin is not easy to decipher, 
but I believe that I am quoting him cor¬ 
rectly. He reiterates that these fishes 
were carps in everything but the front 
part of each head. These in forehead, 
eyes, nose, cheeks and chin had each a 
human aspect. And these things are just 
what are portrayed in Fig. 4. 
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—After Jacques Pellcgrtn , 1901. 


FIG. 7. 

A RECENT DRAWING OF ALDROVANDI 'S FISH ( Den - 

tex vulgans ) with a humped forehead. 

It is not easy to explain this figure. 
Gesner was not given to credulity; on 
the other hand, his attitude was for his 
day thoroughly scientific. However, he 
evidently gave full credence to his corre¬ 
spondents. Note that both fish were 
taken near Retz in western Austria in 
successive months in the same year. It 
seems probable that there was but one 
fish. Gesner did not have the fishes 
themselves, only the drawings. Both 
drawings come from Augsburg, and it 
seems possible that one was a copy of the 
other. Some of the figures for his book 
were made by Gesner himself, the others 
in his house under his eye. But the 
woodcut of the “Cyprinus monstrosus” 
was evidently reproduced from one or 
the other of the drawings sent him. 

But what was the carp with the human 
face, which Gesner knew only in a draw¬ 
ing t I do not know, but I suspect that 
it was that form of abnormal fish known 
to teratologists as a round-head. In such 
fishes the whole snout and anterior part 
of the skull fail to develop. Baby fishes 
in early stages have such an appearance, 
in which the whole front of the head is 
precipitously rounded off. If this early 


condition should persist into adult life, 
through the failure to develop of the 
bones forming the base of the Bkull and 
both jaws—lo a round-head similar to 
Gesner’s figure. 

That the interested reader may know 
what a real round-head looks like, there 
is reproduced here as Fig. 5 a drawing 
of such a fish which I had made some 
years ago. This is a little round-headed 
silver perch, only 2J inches long, which 
has carried over to this age the round 
head and big eyes of hiB babyhood. If 
Gesner’s fishes (which he did not see) 
were round-heads, then, since Gesner 
reproduced the drawing sent by his 
friend, it is clear that the artist drew 
heavily not on the fish but on his very 
strong and vivid imagination. And his 
product was such a fish as never was on 
land, in river or sea. 

The fourth of our earliest ichthyolo¬ 
gists was the Roman physician, Hippo- 
lyto Salviani. He wrote only on fishes 
—on those from the waters adjacent to 
Rome. His folio is illustrated by 77 
brass (not copper) plate engravings. In 
the Museum copy these plates printed in 
1554-1558 are as fresh and clear as if 
they had been struck off 38 instead of 
380 years ago. Not one of them, how¬ 
ever, shows an abnormal fish, so with 
this brief notice we pass on. 

A Gibbous Sea Pebch, 1613 

Next we consider the first published 
figure of a fish which may be designated 
as a “gibbous-head,” a “hump-head” 
or a “fat-head.” The names, like the 
abnormality, are interesting. 

The word gibbous comes from the 
Latin gibbus, meaning a hump. It is 
primarily an astronomical term applied 
to the moon between half and full when 
the limbs are convex. In fishes a 
“frontal gibbosity” is what may be seen 
in Fig. 6 -of the fish which the Italian 
encyclopedic naturalist, Aldrovandi, fig¬ 
ures and describes under the name 
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Synagris in his “De Piscibus” (Bono- 
niae [Bologna] 1613). This curious ab¬ 
normality is not uncommon in certain 
perciform fishes of both fresh and salt 
water—of the families Cichlidae in fresh 
water and Labridae and Sparidae in salt 
water. Most of these fishes were once 
grouped as Chromidae, so-called because 
of their bright colors. 

Like the hooked lower jaw found 
chiefly or only in the adult male salmon, 
and in the Atlantic salmon generally in 
exaggerated condition in old males only, 
frontal gibbosity is found only in adult 
males (and in more exaggerated form in 
the oldest specimens) of various fishes of 
the families named. It is a strongly 
marked sex dimorphic character, which 
becomes greatly accentuated with age. 
Aldrovandi’s Synagris has been identi¬ 
fied as Dentex vulgaris Cuv., a fish found 
in the Mediterranean to-day. Indeed m 
Fig. 7 is presented a recently figured 
(1901) head of a gibbous D . vulgaris 
from this sea. Comparison will show 
how well Aldrovandi's artist “did his 
job.” 

This hump commences generally at the 
level of the eyes and is prolonged poste¬ 
riorly on the “nape of the neck,” some¬ 
times almost to the first dorsal ray (Fig. 
7). In some of the parrot-fishes (which 
have very short jaws) the frontal 
gibbosity is so far forward and so pre¬ 
cipitous that the condition by the in¬ 
experienced might be thought a case of 
round- or pug-head. The form of the 
hump is very variable (see Figs. 6—in 
which it is drawn bi-lobed—and 7), but 
always it gives the fish a very bizarre 
physiognomy. The gibbosity in both 
Aldrovandi’s and Pellegrini drawings is 
a huge affair, Aldrovandii seems to be 
bi-lobed, though possibly this is poor 
drawing; while Pellegrin says that in one 
specimen the hump measured fully one 
third the length of the fish. 

This body is a sort of fatty tumor 
found only on males and is best devel¬ 
oped in old or possibly senile individuals. 


Its function is not positively known. 
One suggested function is that of storage 
against a time of scarcity. By some it 
has been compared to the “fat bodies” 
of amphibians, and thought to supply 
material for the manufacture of sperms 
at breeding time. This could be tested 
by observing gibbous fishes for a diminu¬ 
tion of the hump at breeding season in 
an aquarium. So far as I know this has 
not been done. 

To stout and stolid unimaginative 
persons of plethoric habit, of whose gray 
matter one has little opinion, the term 
“fat-head” is opprobriously applied. I 
submit that the fishes portrayed in Figs. 
6 and 7 have something of this look. If 
not on this account, then certainly on 
bearing in mind the composition of this 
hump, one is perfectly justified in calling 
these fishes “fat-heads.” 

Aldrovandi’s drawing is certainly the 
earliest published figure of this abnor¬ 
mality. Belon in his work published in 
1554 figures a little fish called Oalerita, 
which has on its head a hump which I 
have viewed with much suspicion. Belon 
says that “When alive there is on the top 
of its head a soft erectile crest blue in 
color.” Day, the eminent British ich¬ 
thyologist, figures and describes a little 
fish, Blennius galerita, with a pair of 
branched tentacles above and between 
the eyes. This may be Belon’s fish and 
his figure merely one of bad draught- 
manship—but it surely excites consider¬ 
able suspicion in me. 

If any reader of this article is inter¬ 
ested enough, he might care to see the 
text and figures of an authoritative 
article by Dr. Jacques Pellegrin, the 
well-known ichthyologist of the great 
Museum d’Histoire Naturelle in Paris. 
His “Les Poissons k Gibbosity Frontale” 
may be found in the Bulletin de la 
SociSU Philomathique de Paris, 1901 
(pp. 81-91, with 5 interesting figures). 

Before taking up the figure of the 
next teratological fish (and the most in- 
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teresting), which is also by Aldrovandi, A Two-Headed Shark, 1642 

it will be of interest to speak briefly of Last on our list but not least in inter- 
the man. Like the other four he was a est is Aldrovandi *s figure of a two- 
doctor of medicine and for long years headed, or semi-Siamese twin, shark, 
was professor of natural history at This is not found in his book on fishes 
Bologna. His motto through life was (“De Piscibus,** Bononiae, 1613) but in 
1 ‘Nothing is sweeter than to know all his book on monsters—“Monstrorum 
things.** And so well did he live up to Historia** (Bononiae, 1642, p. 428). 
this motto that it finally came to Ke said This “Piscis Biceps** is a two-headed 
of him that he was the “modem Pliny** shark, possibly a dogfish, and the placing 
(Gesner had died before Aldrovandi had of it not in the book on fishes but in that 
reached his great eminence) and “the on monsters plainly indicates that Aldro- 
most inquisitive man in the world [of vandi or his editors (Ambrosinus and 
his day] with regard to natural history.** Bernia) recognized it as an abnormality. 



—After UU**e Aldrovandi, 164*. 

FIG 8. A TWO-HEADED SHARK 1 ‘FROM THE RIVER NILE.” 
The first published figure of a bicephalous fish. 


All this led to his outlining a plan of To Aldrovandi*s museum in Bologna 
a brobdingnagian encyclopedia of nat- came animal curiosities from all over the 
ural history. To this and to his museum world, and among them the “Piscis 
he gave his fortune and all the long years Biceps.’* This our old natural history 
of his life. His “Opera** comprise 13 book states was caught “in the River 
great folio tomes. Five or six were pub- Nile in Egypt not far from the town 
lished before his death in 1605 or 1607, called Latislana.** There is much dis- 
the others were brought out later by his crepancy here. Sharks are marine fishes 
associates, pupils and friends. These and the Nile is fresh water. This double¬ 
works like Gesner *s contain practically head might have been taken in one of the 
all natural history from Aristotle down Nile delta distributaries if this were 
to his day. They are source books of brackish. But the tides at Alexandria 
enormous value. Much of the materials rise but a few inches and the volume of 
(drawings, etc.) of his books and mu- the Nile is great. As to the town Latis- 
seum are still to be found at Bologna and lana, the only one I can find trace of is 
elsewhere in northern Italy. or was in Italy. 
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Another doubtful thing is that this 
dicephalous shark was “almost equal in 
size to a crocodile.” If so, it must have 
been a very small “crocodile on the bank 
of the Nile.” Two-headed shark em¬ 
bryos are sometimes found, but after 
hatching their swimming is so impeded 
that they are quickly devoured—by 
voracious fishes, including sharks, and 
possibly their own hungry parents. But 
whether the specimen was large or small, 
it is a two-headed shark, the oldest ever 
figured, and so far as I know the only 
one figured until about 1824—182 years 
later. 

Like Gesner’s artist, who took great 
liberties in drawing his round-headed 
carp, so Aldrovandi’s painter likewise let 
his imagination run away with him. He 
has surely exaggerated his specimen. 
He had drawn this shark in the shape of 
a T—each head standing out at right 
angles to the trunk. All the double¬ 
headed shark embryos in the figures I 
have seen and all two-headed fish of 
any kind which I have examined are 
Y-shaped. Aldrovandi’s unknown artist 
may have had a T-headed specimen, but 
like my Scotch ancestors I “hae me 
doots.” 

The explanation of the origin of two- 
headed animals is a very obscure and 
complicated one. It is most easily ob¬ 
served and studied in fish eggs in hatch¬ 
eries. But even in the study of such eggs 
much controversy has raged. Hence it 
does not seem wise to lumber up a popu¬ 
lar article with obscure technicalities 

It may be of interest to state here that 
the library of the American Museum is 
the fortunate possessor of every one of 
the works referred to herein, and that it 
also has all the natural history works of 
each author-r-wi first editions and also in 
versions in other languages and in later 


editions. Some of these books are so rare 
that they are literally “worth their 
weight in gold.” 

It is interesting also to note that four 
out of the five early naturalists in the 
earliest books on fishes figured and after 
some sort of fashion described abnormal 
fishes. That they did not know that they 
were abnormal (except in the case of the 
two-headed shark) is not to be charged 
against them, for their figures of these 
fishes are before us. Without knowing 
it, they started the science of teratology 
of fishes, and it is their due that credit 
should be given them. 

Just here the reader must understand 
that such adult abnormal fishes are rela¬ 
tively exceedingly scarce even in these 
days when vast catches of fishes are 
made. Witness the relatively few forms 
that have been figured and described by 
scientific men. Witness also my own 
case—the few that have come to me dur¬ 
ing the past ten years when friends— 
anglers and commercial fishermen—have 
been on the watch-out for these for me, 
all along our north Atlantic coast. 

There are several reasons for this. 
Although relatively considerable num¬ 
bers of teratological fishlets are hatched, 
most die in babyhood (if one may speak 
of such for fishes) too handicapped to 
withstand the ordeal of development. 
Because their physical deformities handi¬ 
cap their movements, most of those that 
grow to be fingerlings are readily 
snapped up by marauding voracious 
fishes. This high mortality allows but 
few to come to maturity, and these few 
escape the angler generally and in com¬ 
mercial catches in nets are lost in the 
multitude of entirely normal fish. More 
credit then to these old ichthyologists 
that in the very beginning they picked 
out, as did Belon first of all (in 1553), 
fishes “of an extraordinary kind.” 



SOME EFFECTS OF ANIMALS ON PLANTS 
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It is recognized that all animals de¬ 
pend, in final analysis, on plants. It is 
coming to be more widely appreciated 
also that plants in turn depend on an¬ 
imals to a very considerable extent; that 
process and practice in farming, and 
especially in wildlife administration, 
range management and forestry, must 
increasingly take this reverse depen¬ 
dence into account if well-rounded and 
satisfactory results are to be obtained. 

It is particularly desirable that these 
animal relationships to plants be known 
and applied as adequately as possible in 
the extensive national program of re¬ 
forestation, range rehabilitation, erosion 
control and natural resource conserva¬ 
tion now going forward. We should 
try to anticipate difficulties from ani¬ 
mals likely under certain conditions to 
be inimical to seeds and seedlings, 
whether of range plants or forest trees; 
and we ought to take full advantage of 
those animals that may be counted on to 
assist in these colossal enterprises for 
the restoration of our exploited areas. 
The need is not for “total protection” 
of so-called “beneficial” species, nor for 
“eradication” of “pests” but for sci¬ 
entific management of all wildlife, in 
accordance with an enlightened under¬ 
standing of what Allee has called the 
geo-bio-ecology of each locality. 

In this paper the writer makes an 
attempt to explore some phases of the 
relationships involved. 

(1) Grass Bating 

A very practical aspect of the influ¬ 
ence of animals on plants is their work 
on forage on the open grazing range. 
Problems involved affect no less than 
1,055,000,000 acres of land in the United 


States, or 55 per cent, of the total area 
of the country. It has been estimated 
that grassland occupies 13,000,000 of 
the 52,000,000 square miles of land sur¬ 
face of the globe*. It is not impossible, 
as one writer states, that “Human life 
has been and is more dependent upon 
grasses than upon any other group of 
living beings.” The conservation and 
proper maintenance of these vast and 
valuable grassland areas are of vital 
importance probably to a majority of 
the world's population. 

Under original conditions all forms of 
life were components of an organic- 
inorganic unity fluctuating rather widely 
but continuing to function successfully 
and practically in balance over long pe¬ 
riods of time. Under the aegis of man’s 
supremacy, however, natural equilibria 
have been disturbed. Through artificial 
and abnormal processes, among them 
grazing, fire, elimination of native spe¬ 
cies, introduction of exotics, cultivation, 
fertilization, irrigation, drainage, game 
preservation and some other processes, 
the original balance is upset. It is safe to 
say that all inhabited portions of the 
earth have been modified. The new con¬ 
ditions favor some wild species, eliminate 
others. Some of the results: Temporary 
vastly enhanced productiveness of land 
through agriculture (considered broadly 
to include not only farming but wildlife 
management, range administration and 
forestry); accelerated erosion, both by 
water and by wind; shrinking water 
supplies for domestic use and irrigation; 
forest, range and wildlife depletion; 
and soil exhaustion. 

New problems arise in almost exact 
proportion to the disturbance and inter¬ 
ruption of original conditions. Certain 
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species of birds, rodents, lagomorphs, 
ungulates, insects and other animal 
forms, previously kept in bounds by an 
adequate environmental resistance, now 
become positively inimical to man’s in¬ 
terest. Others become highly useful. 
Some are beneficial at certain times and 
places, harmful at others. No hard-and- 
fast catalog of “good” and “bad” spe¬ 
cies can be made. The entire biological 
spectrum is altered and study of the bio¬ 
ecology of the grassland community be¬ 
comes the most important activity in 
which man can engage on the plains, 
prairies and savannas of the world. 

(2) Overgrazing 

The evil effects of overgrazing have 
been commented on since the dawn of 
history. In our own country as early as 
1872 a report of the United States De¬ 
partment of Agriculture pointed out 
that native grasses were disappearing 
from the prairies of Texas, especially on 
bottomlands, “depasturing” of cattle be¬ 
ing destructive to them. 

E. D. Ball estimates that insects, in¬ 
cluding leaf-hoppers, grass-hoppers and 
others, cut down the available forage 
—principally grass—on the best ranges 
in the vicinity of Tucson, Arizona, by 
20 to 30 per cent. 

Our own investigations have dealt 
with the lagomorphs and rodents, prin¬ 
cipally in Arizona. Results of sample 
plot clipping studies made by McOinnies 
and the writer on the Santa Rita Experi¬ 
mental Range showed that the antelope 
jack rabbit ( Lepus alleni), the banner¬ 
tailed kangaroo rat ( Dipodomys spec- 
tabtiis) and certain small species of 
lesser importance consumed or accounted 
for 28.7 per cent, of the total vegetation 
and 88.8 per cent, of the total valuable 
forage grasses. It was found that grass 
constituted 24.1 per cent, of the food of 
the Arizona jack rabbit ( Lepus cali- 
fomicus arieonae) and 45.0 per cent, of 
that of the antelope jack rabbit for the 
year. Four-years sample plot tests at 


Coconino, near Grand Canyon, Arizona, 
showed that, under the conditions of the 
experiment, prairie dogs consumed 69 
per cent, of the wheat grass ( Agropyron 
smithii ) and 99 per cent, of the Band 
dropseed (Sporobolus eryptandrus) , or 
80 per cent, of the total potential annual 
production of forage. Besults of a one- 
year experiment at Williams, Arizona, 
showed prairie dogs accounted for 83 
per cent, of the blue grama ( Bouteloua 
gracilis). 

Admittedly these plot studies are 
highly incomplete and partial. So many 
factors are involved that the results 
must not be pushed too far. But they 
do afford a quantitative suggestion of 
the potential work of certain rodents and 
lagomorphs under particular conditions. 

It is perfectly obvious that the work 
of grazing animals may profoundly af¬ 
fect the vegetation cover. Clements is 
authority for the statement that the 
general apparent replacement of tall 
grasses (of the type of Andropogon and 
Stipa) by short grasses (like Bouteloua 
and Bulbilis ) in the mixed prairie 
regions of central Nebraska, Kansas and 
elsewhere in that region is explained by 
the effect of grazing. The buffalo is 
assumed to be the original agent re¬ 
sponsible for the elimination of the tall 
grasses and their replacement by buffalo 
grass — appropriately named ! — while 
domestic live stock in more recent days 
continued and accentuated the trend 
toward short grasses. 

Ground squirrels are destructive to 
forage grasses in many localities. Thus 
Grinnell and Dixon estimate that 750 
Oregon ground squirrels during the 
growing season of pasture grass eat as 
much as one steer. It is further esti¬ 
mated that the population of California 
ground squirrels ( Citellus beecheyi 
beeeheyi) takes the piaoe (in that state) 
of 160,000 cattle or 1,600,000 sheep. A 
part of their green feed is grass. In 
Arizona it has been estimated, on the 
basis of cage food tests, that on the aver- 
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age 15 antelope jack rabbits will eat as 
much good forage, chiefly grass, as a 
sheep, and 74 as much as one cow; while 
of the smaller Arizona jack rabbit, 30 
will eat as much as one sheep and 148 as 
much as one cow. 

Kashkarov and Kurbatov noted the 
part played in the Kara-Kum Desert in 
middle Asia by long-toothed ground 
squirrels (Spermophilopsis leptodacty- 
lus). These rodents dig up the sand to 
procure the bulbs of Poa bulbosa, their 
main food. The number of holes aggre¬ 
gate 13,135 per hectare. Where Poa bul¬ 
bosa is absent, the squirrel feeds on the 
roots of Aristtda pennata. The sand is 
loosened and begins to move. ‘ i Then the 
rodents migrate to another place.” The 
assumption is that these activities appre¬ 
ciably reduce the carrying capacity and 
promote the drying of the desert. Seem¬ 
ingly in Russia as elsewhere . . man 
and his domestic animals are responsible 
for the formation of the worst kind of 
desert / 9 The relationship to rodent 
damage of overgrazing by the camels, 
sheep and goats brought in by man has 
not been worked out. In arid areas of 
the southwestern United States, we find 
that, in many places, as overgrazing be¬ 
comes apparent, some rodent depreda¬ 
tions tend to become more serious. 

Hill, of the National Forest Service, 
believes that in the vicinity of Tucson, 
Arizona, heavy grazing by domestic live 
stock, noticeably accentuated in recent 
years by native forage-feeding species, 
as the kangaroo rat and jack rabbit, was 
doubtless the greatest contributing fac¬ 
tor in the change from a short grass and 
browse type to a vegetation characterized 
by less palatable and hardier desert 
plants. 

Too much emphasis can hardly be 
given to considerations of grazing by 
domestic live stock. The stocking of our 
ranges with millions of cattle, horses, 
sheep and goats has had and is having a 
profound effect not only on the grasses 
but on all forms of vegetation and all 


animal life in the biotic communities 
affected. The question still presses for 
answer: How many domestic live stock 
can be supported on a given area without 
deterioration of the forage resource and 
the soil ? Scientists, range users, owners, 
entire communities, are vitally inter¬ 
ested. Doubts have even been expressed 
regarding the adequacy of an economic 
system which places chief emphasis on 
private profits without regard for the 
future productivity of the resources 
utilized (see, for example, the discussion 
of the responsibility of foresters by Sil- 
cox). 1 

Another question may often become 
pertinent: “To what extent is it economi¬ 
cally feasible to control the rabbits, 
rodents and insects which often become 
troublesome feeders on native grasses V 9 
In some localities the answer is obvious 
with little preliminary study. In others 
the value of the resources at stake, the 
ability or willingness of the government 
or the private land-owner to cooperate by 
reducing domestic stock so the grass will 
have a chance to recover following the 
control operation, the present degree of 
injury to vegetation and soil and the 
proper use of the land from the stand¬ 
point of highest long-time use to the 
greatest number of people, all should be 
given consideration. Seeming overpro¬ 
duction, so troublesome at present 
(1936), emphasizes the undesirability of 
attempting to graze submarginal lands 
which should be left for upland game. 

The further query arises whether any 
live stock grazing at all on some lands is 
not overgrazing. While wild grazing 
animals, such as the bison, pronghomed 
antelope, elk and some of the smaller 
forage-feeding species were in former 
times balanced, on the average, with the 
vegetation, it appears that on certain 
submarginal lands, at present, any in¬ 
creased pressure at all is too much. In 
such cases it is coming to be realized that 
funds spent for range rehabilitation, 

i Jour. Forestry, 33: 198-204, 1935. 
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whether for seeding or planting, rodent 
control, weed control or erosion control, 
are likely to be in vain. An inviting 
alternative, in these cases, is to leave the 
land alone, let nature heal herself. In 
some localities game will come back, or 
can be restocked to advantage. Substan¬ 
tial values from native wildlife, water¬ 
shed, recreation and scientific uses can 
be assured. The land can be turned into 
an asset instead of a liability. 

The Biological Survey has shown that 
many animals, both birds and mammals, 
regularly prey on grass feeders. The 
work of insectivorous birds is very well 
known, but insectivorous mammals have 
been largely overlooked. The grasshop¬ 
per mice, for example, consume 88 per 
cent, of animal food, chiefly insects. 
Coyotes, foxes, badgers and skunks feed 
extensively on rodents and insects 
Much rodent damage is directly propor¬ 
tional, within limits, to artificial range 
disturbance. Evidence is accumulating 
also that if grazing use i3 conservative, 
the range user will have far less trouble 
with weeds, insects and rodent pests than 
if he permits over-heavy use. 

In this connection one should note that 
the so-called predatory and rapacious 
species, including such creatures, for ex¬ 
ample, as the coyote, bobcat, mountain 
lion and fox, are practically always 
favorable to plant growth, in that they 
help to keep down the number of forage- 
feeders, and doubtless sometimes prevent 
the occurrence of irruptions of rodents 
or other species which might otherwise 
occur. 

Some rodents and insects seem to ap¬ 
pear in increased numbers along with the 
weeds which become more numerous on 
overgrazed areas. On certain areas with 
which the writer is familiar the pressure 
of live stock is so great that overgrazing 
would have occurred regardless of the 
work of rodents. This is an important 
point in range management; for it will 
do very little good to control forage¬ 


feeding rodents if live-stock pressure is 
so heavy that overgrazing will take place 
anyway. 

The seriousness of overgrazing is 
being increasingly recognized by all in¬ 
telligent stockmen, who are insisting on 
the closer and more careful regulation 
of grazing use in the interest of the 
future of the industry. This point is 
clearly indicated by the enactment of 
federal legislation, such as the Taylor 
Grazing Act, having for its object the 
regulation of grazing on the public 
domain. 

It is recognized that grazing is a nor¬ 
mal process, without which, as a usual 
thing, the grasses and forage plants do 
not always prosper. Very old areas 
under total protection often deteriorate. 
While the causes of this tendency to go 
backward are not well known, it appears 
that the accumulation of dead stems and 
leaves, normally removed by grazing, 
handicaps the growing plant. Under 
original conditions the grazing use of 
our ranges by game and rodents was well 
adjusted to the maintenance of the vege¬ 
tation. 

It is unreasonable to expect that plants 
can withstand all the original pressure 
from the wildlife and a tremendous 
weight of domestic live stock, in addition, 
without serious and in some instances 
rapid deterioration. 

On the other hand, on primitive or 
wilderness areas, where live stock is ex¬ 
cluded, seemingly the aim should be to 
retain the native game and forage-feed¬ 
ing rodents, for the best interest of the 
plants . It is, of course, highly desirable 
also to keep a normal population of flesh- 
eaters, so the forage-feeding species of 
game and rodents will not become over¬ 
abundant. 

(3) Eating Stems, Roots, Barks, 
Buds and Leaves 

In certain localities animals that con¬ 
sume the bark, buds, leaves, seeds and 
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roots of forest trees undoubtedly tend to 
favor the extension of grazing range at 
the expense of forest. The principal 
wild offenders are beetles and other in¬ 
sects, rabbits, hares, squirrels, porcu¬ 
pines, wood rats, mice, deer and other 
game species. 

Between 1895 and 1905 a certain bark 
beetle destroyed a billion feet of timber 
in the Black Hills, and from 1918 to 
1925 about 300,000,000 board feet on the 
Kaibab. 

Porcupines work on forest seedlings 
and older trees, too; wood rats, in places, 
on natural reproduction of the forests. 
A lepidopteran larva was found in the 
Argentine that attacks the prickly pear. 
Imported into Australia, it has to a con¬ 
siderable extent brought this plant, a 
single species of which had become a 
serious pest over about 50,000,000 acres, 
under control. 

Bark feeders include at least the fol¬ 
lowing mammals: meadow mice, pine 
mice, pocket gophers, rabbits, hares, 
mountain beavers, wood rats, wood¬ 
chucks, porcupines and beavers. Men¬ 
tion might well be made of a number of 
other squirrels, in addition to the wood¬ 
chuck—and of the elk also, which some¬ 
times feed extensively on aspen bark. 

Rabbits are well known to exercise 
considerable effect on the vegetation— 
and so on all the organisms associated 
with it. 

For hundreds of years surpluses of 
game have been recognized as exercising 
an appreciable effect on plant associa¬ 
tions. In 1789 the French Tiers Etat 
made the assertion that the most terrible 
scourge of agriculture is the abundance 
of wild game. Overstocking with deer 
has been assigned as one of the causes 
of alteration of plant associations in 
England. 

Some of our own experiences in 
America have emphasized the dangers of 
game surplus in no uncertain terms. 
Overpopulation of deer has developed on 


a number of the desert ranges and for¬ 
ested areas of the southwestern United 
States, and similar difficulties have 
arisen in Pennsylvania and other east¬ 
ern states. 

The situation on the Kaibab National 
Forest in northern Arizona has rightly 
been given a good deal of attention. The 
trouble seems to have been initiated in 
1905, when President Theodore Roose¬ 
velt set aside a large portion of the Kai¬ 
bab country for a game preserve. In the 
early days considerable numbers of cat¬ 
tle, sheep and horses grazed on the area, 
and numerous Navajo Indians hunted 
deer (Odocoileus hemionus) thereon for 
food. Also present in the region was 
an abundance of mountain lions and 
coyotes, natural enemies of the deer. 
The institution of the game preserve 
radically changed the status of the area. 
Grazing by live stock was reduced. The 
Indians were prevented from hunting. 
Flesh-eating mammals were restricted in 
numbers. Relieved from natural con¬ 
trols and unharvested by man, the deer 
population expanded from perhaps 3,000 
or 4,000 originally present to a maximum 
estimated all the way from 25,000 to 
100,000. Forest Service officials and 
others, including the writer, were im¬ 
pressed with the alterations taking place 
in the vegetation. In 1931 the Kaibab 
Investigative Committee concluded that 
the Kaibab was not producing more than 
10 per cent, of the available and nutri¬ 
tious forage that it once did, and that if 
deer overgrazing continued the aspen- 
forest type would ultimately disappear 
from the Kaibab Plateau. The writer 
and others who have independently 
studied the problem were of much the 
same opinion. 

It is probably not an accident that 
pretty nearly all the difficulties encoun¬ 
tered in over-browsing by deer and other 
animals have arisen in connection with 
disturbances of one sort or another by 
man. 
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(4) Consuming, Disseminating and 
Stoking Seeds 

Probably few more important animal 
influences exist than those in relation to 
the seeds of plants. 

Insects attack the seeds of various 
trees and other plants; tree squirrels, 
chipmunks, and at times other rodents, 
store and consume quantities of conifer 
seeds and sometimes cut off cones; mice 
of different species are avid consumers 
of the seeds of forest trees and of certain 
grasses of plain and desert; birds con¬ 
sume quantities of seeds. 

Cage experiments conducted by the 
writer at Port Valley, Flagstaff, Arizona, 
disclosed that the gray-collared chip¬ 
munk ( Eutamius cinereicollis cinereicol- 
lis) will eat an average of 277 seeds of 
the ponderosa pine in each 24-hour pe¬ 
riod. An Arizona mantled ground squir¬ 
rel ( CaUospertnophilus lateralis arizon- 
ensis ) under similar conditions will con¬ 
sume 338 pine seeds in a day. The mini¬ 
mum seed supply necessary to stock an 
area completely in one year under favor¬ 
able climatic conditions has been esti¬ 
mated as eight pounds per acre, or 114,- 
400 seeds. Pour chipmunks and two 
mantled ground squirrels could eat the 
entire eight pounds in 64 days. 

Plot experiments at Port Valley have 
shown a marked effect on planted pon¬ 
derosa pine seeds by birds (long-crested 
jay, red-Bhafted flicker) and probably 
also by certain mammals, especially the 
Arizona mantled ground squirrel, gray- 
collared chipmunk and tawny deer 
mouse. In a small plot open to birds 
and rodents 78 seedlings appeared; in a 
similar plot adjoining, protected from 
these species, 269 seedlings grew. 

In 1928 G. A. Pearson and B. R. 
Lexen, of the Forest Service, in coopera¬ 
tion with Dr. Frederic E. Clements, of 
the Carnegie Institution, and the writer, 
initiated a test at Flagstaff, Arizona, to 
determine the influence of bunch grass 
on germination of ponderosa pine. This 
experiment has been reported on recently 


by Pearson.* The findings strongly em¬ 
phasize the important r61e played by 
field mice ( Microtus mogollonensis) in 
the yellow pine type of northern Ari¬ 
zona, where grass cover becomes heavy. 
Pearson’s Table 1 shows some striking 
differences in the number of seedlings 
in the plots under protection from 
rodents as compared with those unpro¬ 
tected. On August 22, 1929, 1,781 seed¬ 
lings were counted on the protected 
plots, 618 on the unprotected ones. On 
August 18, 1933, 100 seedlings had sur¬ 
vived on the protected plots, 3 on the 
unprotected ones. As Pearson points 
out, rodents were abnormally abundant 
here as a result of protection of the 
grassy cover from grazing. Predatory 
enemies of the mice had also been 
reduced. 

A number of writers have emphasized 
the difficulties associated with reforesta¬ 
tion efforts as a result of the work of 
rodents. Clements concluded that the 
real importance of fire in the lodgepole 
pine forest lay in its removal of rodents 
for several years. 

Observations in California, Michigan 
and elsewhere indicate a radical differ¬ 
ence in rate of rodent reinvasion follow¬ 
ing fires in different localities. That size 
of seed is significant in relation to rodent 
damage was shown by a Canadian in¬ 
vestigator, who pointed out that greater 
success was obtained in New Brunswick 
by using the small-seeded white spruce 
rather than the larger seeded white pine. 
More recently the same point has been 
emphasized by a number of Forest Ser¬ 
vice workers. These investigations are 
of unusual interest and potential value 
in connection with the emergency con¬ 
servation work in reforestation now 
going forward under governmental 
auspices. All available data muBt be 
carefully taken into account, and addi¬ 
tional information gathered, if the re¬ 
forestation program is to succeed. Nor 
is the case always so simple as might 

» Jow. Forestry, 38: 546-558,1984. 
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perhaps be indicated by Pearson ( loo . 
cit.) } who recommends poisoning of small 
rodents through the summer and early 
autumn of a year of pine seed develop¬ 
ment. For many questions arise: What 
rodents are involved ¥ Is rodent control 
on this particular area economically fea¬ 
sible ¥ What species should be con¬ 
trolled ¥ Over how large an area should 
control operations be conducted ¥ What 
precautions should be observed to pro¬ 
tect innocent or valuable wildlife ¥ Like 
the problems of vegetation, those of ani¬ 
mal life are extremely complicated. A 
good deal of additional study is needed. 
In every case a qualified wildlife re¬ 
search specialist should be called on for 
an opinion prior to the initiation of con¬ 
trol operations. 

Over considerable areas in northern 
Arizona live-stock grazing, especially 
grazing by sheep and goats, often supple¬ 
mented by forage-feeding rodents, is 
bringing about the spread of junipers at 
the expense of the valuable grama grass 
cover. The grass is removed or weak¬ 
ened by grazing; the juniper seed passes 
through the alimentary tract of the sheep 
or goat and easily becomes established in 
grazed areas. In this case, contrary to 
that cited on a previous page, the forest 
(woodland) is being extended through 
biotic influence at the expense of grass 
cover. If the process continues long 
enough considerable areas of grass will 
be altogether lost to grazing. 

A similar tendency for mesquite to 
“take over” grassland is strongly devel¬ 
oped in certain areas in southern Ari¬ 
zona, for example, in the Empire Ranch 
country and on the Santa Rita Experi¬ 
mental Range. The influence of live 
stock and range rodents is apparently 
brought to bear in this case also. Cholla 
cactus, likewise, is spreading in southern 
Arizona. Cattle distribute the joints, 
wood rats often drop them en route to 
their dens, and these activities, associated 
with lessened grass competition resulting 
from heavy grazing, facilitate the spread 


of the cholla. Seemingly the most im¬ 
portant component of this animal influ¬ 
ence is live-stock pressure. In its absence 
the rodents would make little difference, 
one way or the other. Oaks and junipers 
are spreading in the hill country of 
Texas. It is probable that protection 
from fire and heavy grazing by live stock 
are the principal factors involved. 

The writer does not want to leave the 
impression that the work of the native 
birds and animals in relation to seeding 
is all bad. Many years ago Barrows 8 
called attention to the fact that for cen¬ 
turies birds have been recognized as one 
of the agencies in forest rotation and in 
resurfacing with vegetation tracts swept 
bare by wind, water, fire or man. The 
fruit and berry eaters function most 
effectively. Forbush has pointed out 
that birds destroy the fruit but plant the 
seed, being instrumental in extending the 
woodlands and thickets in which they 
dwell. McAtee, in a letter to the writer, 
points out that the crow, starling, wax¬ 
wing, thrush, catbird and mockingbird 
are among the species that eject seeds 
from the mouth. He writes this is a trait 
of highly frugivorous species and of in¬ 
sectivorous species as well at periods 
when they resort to a fruit diet. 11 In the 
long run, the process undoubtedly is im¬ 
portant among the means by which fruit¬ 
bearing plants are distributed / 9 

Rodents assist in forest maintenance 
through caching of crops of Douglas fir 
seed in the surface soil, distributing black 
walnut and other nut-bearing species of 
oaks, hickories, etc., and planting west¬ 
ern yellow pine in Montana, Idaho and 
Oregon. The red squirrel is a replanter 
of the hardwoods, and one observer has 
expressed the opinion that its service as a 
forester far outweighs the little harm it 
does. 

Any one who has traveled in the area 
and given some attention to the matter 
must realize that the pine squirrel has a 

* Kept. Chief Div. Ornith. and Mamm. 1890, 
1891; 280-285. 
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far-reaching influence on the trees in the 
Canadian Zone forests of the mountains 
of the West. In the fall it stores great 
numbers of pine cones and pine seeds, so 
that collecting from seed hoards is a rec¬ 
ognized method of securing seed for 
planting. One Forest Service worker as¬ 
serts that the caches of small red squir¬ 
rels average about two bushels, but not 
uncommonly reach 8 to 12 bushels of 
cones; and there are reports of up to 40 
bushels of western white pine cones hav¬ 
ing been found stored in a single spot, 
presumably by one squirrel It must 
often happen that seeds are planted by 
this instrumentality. It is scarcely to be 
doubted that these squirrels, although 
they eat the seeds, are important in the 
maintenance of the forests in which they 
dwell. Finally McAtee, of the Biological 
Survey, asserts definitely that birds are 
indispensable agents in the natural dis¬ 
semination of trees which reproduce 
themselves by fleshy fruits and nuts and 
that they aid also in reseeding coniferous 
trees. It should be remembered that 
detrimental animal effects are easy to 
see, while beneficial effects have to be 
carefully worked out through research. 
Most of our “practical” treatment of 
these problems is based on superficial ob¬ 
servation. As soon as we can we ought 
to complete our studies of all these things 
scientifically through well-planned, well- 
financed and well-manned research. 

In crossing the state of Texas in Sep¬ 
tember, 1927, Clements, Tharp and the 
writer were impressed with the obvious 
importance of mammals and birds in re¬ 
lation to distribution of vegetation. One 
would like to know the precise vegeta- 
tional history of the region. Western 
elements, including the mesquite, palo 
verde, prickly pear and snakeweed, were 
noted just after crossing the Brazos 
River, well in the eastern third of the 
state. Apparently the clearing of the 
oak-hickory woods was a first step in the 
far eastward spread of these western 
species. The influence of animals must 


also have been considerable. The buffalo 
may have helped to seed up some of the 
clearings with mesquite. Assuredly the 
introduction of Spanish horses and cattle 
accelerated the process. Overgrazing, to 
which many areas have been subjected, 
has assisted the spread of western scrub, 
through the wide-spread breaking up of 
the grass cover, consequent reduction in 
grass competition and easy establishment 
of scrub seedlings. 

Very much in evidence, particularly 
through central Texas, was the frequent 
limitation of young shrubs to a circle 
over the ground surface dominated by 
the crowns of trees, in this case mes- 
quites and oaks. The evidence indicated 
that the seeds had been planted by birds 
using the mesquites or oaks as perching 
places. An incomplete list of these bird- 
disseminated plants included Ztzyphus 
sp., Condalxa sp., Lycium sp, mesquite, 
wild grape, Smilax bona-nox, Celtis reti¬ 
culata , Herberts sp., Rhus trilobata, R . 
virens, R lanceolata, R. toxicodendron, 
Xanthoxylum sp., Adelia sp. and Koeb - 
erlinia sp. All of them, it will be ob¬ 
served, are suitable for bird food. 

Over vast areas in western Texas are 
to be found mesquite savanna and desert 
plains. This type of semi-arid land pre¬ 
vails from approximately Odessa, Texas, 
through New Mexico to about Sentinel, 
Arizona, where it gives way to extreme 
desert. It is becoming clearer that in 
some places over this great area, perhaps 
over most of it, grazing animals, supple¬ 
mented by forage-feeding rodents and 
rabbits, have tended to suppress the 
grasses and disseminate scrub. Birds 
and certain mammals have helped to 
spread the shrubby species. Relicts show 
unmistakably that in places, at least, 
grassy desert plains formerly prevailed 
where now the relatively worthless semi- 
desert holds sway. Apparently a similar 
deterioration is taking place in other 
localities over the earth's surface. For 
example, in speaking of the Kara-Kum 
Desert region, the alert Russian inves- 
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tigators, Kashkarov and Kurbatov, 4 have 
rather pathetically remarked, “The 
northern Tertiary plateau is slowly 
changing into a sand desert.’’ Respon¬ 
sibility for the steady encroachment of 
desert in these various cases seems to 
belong to man and his grazing animals 
rather than to the native wildlife. 

(5) Fertilization 

The innumerable and complex adap¬ 
tations by means of which flowers secure 
cross-pollination through the agency of 
insects are among the most marvelous 
phenomena known to the biologist. 
While some plants are adapted for cross¬ 
pollination “. . . by wind and water, the 
majority of flowering plants exhibit pro¬ 
found modifications of floral structure 
for compelling insects (and a few other 
animals, as birds or snails) to carry 
pollen from one flower to another. ’ ’ Evi¬ 
dently the dependence of flowers on in¬ 
sects, on certain birds and on a few other 
animals, is so great that they have, in a 
manner of speaking, gone to extraordi¬ 
nary lengths to acquire the necessary 
adaptations to benefit from the visits of 
these pollinators. 

The pollinating functions of bees and 
moths are pretty well understood. Birds 
as pollinators are less well known. Or- 
nithophilous flowers include a consider¬ 
able variety of plants, principally in the 
tropics. Among genera which are in 
part at least bird-pollinated are Marc - 
gravia, Norantea, Poinciana, Strelitzia, 
Protea, Feijoa and Erythrvna. Birds in¬ 
volved include principally humming¬ 
birds, sun-birds and honeysuekers. One 
worker considers birds to be by far the 
most important agents in the pollination 
of flowers in Western Australia. He 
thinks they are the chief if not the only 
efficient pollinators of the genus Euca¬ 
lyptus. The bird-pollinated flowers of 
Erythrina variegata, common along the 
Java coast, are visited by 26 different 
birds, as well as by squirrels 1 

* Ecology, 11: 85-60,1930. 


(6) Summary op Effects of Animals 
on Plants 

One should not permit the animal diffi¬ 
culties which so often result from dis¬ 
turbance of an area by man to blind him 
to the fact that animals make numerous 
and necessary contributions to plants. 
Adams once said the relations of game to 
forest constitute a permanent and not a 
temporary alliance. We can go further 
and say that the relations of animals to 
plants and both to their mutual environ¬ 
ment constitute a permanent and not a 
temporary alliance, everywhere that nor¬ 
mal community relationships exist. 

It is easy to see the dependence of 
flowering plants on the animals that pol¬ 
linate them. Less easy to visualize per¬ 
haps, but possibly even more important, 
are the numerous other relationships in 
which the welfare of the plant popula¬ 
tion is dependent on animals. 

Animals assuredly could not live with¬ 
out plants—but plants probably could 
not, except in artificial environments, 
live without animals. 

The following suggestions (not in the 
order of their importance) indicate, in a 
somewhat sketchy way, some phases of 
the relations of animals to plants in a 
terrestrial environment. It should be 
noted that the extent, the quantitative 
significance and the important details 
of these relationships, remain, in most 
cases, to be worked out. 

(1) While under original conditions native 
animals were in balance with vegetation, distur¬ 
bances of various kinds by man, such as grasing 
by domestic stock, fires, lumbering, cultivation, 
etc., have altered the status of the original resi¬ 
dent species. The equation in every disturbed 
locality is a new one, requiring for its solution 
careful consideration of local as well as general 
factors. 

(2) Grass consumption by insects and verte¬ 
brates is considerable, and-in some instances 
serious. 

(8) Eating by animals of the stems, roots, 
barks, buds and leaves of plants is also signifi¬ 
cant. The frork of bark beetles, of herbivorous 
rodents, of rabbits and of certain game species 
is sometimes spectacular and of no small moment 
in certain localities. 
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(4) The ingestion, transportation, storage 
and involuntary planting of seeds is of enor¬ 
mous significance, sometimes detrimental to 
man's interest, probably in most cases beneficial. 

(5) It is impracticable and undesirable to 
classify wild species of animals as “bad” or 
“good.” The number of individuals of the 
species in question, surrounding conditions, time 
and place, make so much difference that each 
problem, whether of conservation or control, 
should be considered by itself and by a group 
of competent workers, including specialists in 
the wildlife field. 

(6) Animals depend, in final analysis, on 
plants, but plants also depend to a considerable 
extent on animals. 

(a) Plants must depend to a consider¬ 
able extent on protozoa, Crustacea, worms, 
insec to and vertebrates to help form, fertil¬ 
ize and cultivate the natural soil so that it 
will be a suitable substratum for their 
growth. 

(b) Flowering plants depend on fertili¬ 
zation by animals for their continued exist¬ 
ence. 

(c) Forest trees depend to a considerable 
extent on those animals which help to plant 
their seed and spread them. Forest rotation 
and reforestation are often carried forward 
by the seed-eating animals. 

(d) Brushy and herbaceous plants depend 
to a considerable extent on birds and other 
animals for their dissemination. Revegeta¬ 
tion is often largely dependent on these 
animals. 

(e) Nearly all plants depend to a certain 
extent on animals (flesh-eaters, birds, 
insects) for protection from other animals 
(chiefly insects and rodents) which attack 
the bark or other parts of the plant. 


(f) Plants sometimes owe their persis¬ 
tence to some extremely injurious animal 
influence, which benefits them because it 
injures their competitors slightly more. 
Dwarf grass-heath, in East Anglia, has been 
cited in illustration of this. 

(g) Plants may depend on animals for a 
part of the carbon dioxide they breathe. 

(h) A few plants depend on animals for 
a part of their food. Examples, the Sun¬ 
dew, the Venus’s flytrap, etc. 

(i) Marsh plants and meadow plants and 
later plants of dry environments often de¬ 
pend on the beaver for the natural “recla¬ 
mation project” of which they are bene¬ 
ficiaries. 

(j) Some plants, particularly grasses, de¬ 
pend on animals for the removal of surplus 
parts, dry stalks, etc. Moderate natural 
grazing releases the plants and permits 
them to grow more strongly than would 
otherwise be the case. 

(k) Plants depend to a certain extent on 
herbivorous animals for assistance in keep¬ 
ing their own plant numbers down so that 
unwieldy surpluses and disastrous over-pop¬ 
ulation are prevented. 

(7) The present day nation-wide operations 
of the federal and state governments in refor¬ 
estation, erosion control, recreational develop¬ 
ment and range rehabilitation emphasize more 
than anything that has ever happened in Ameri¬ 
can history the need for more adequate knowl¬ 
edge of the interdependence of animals and 
plants and their relations to their environment. 
Liberal investment in geo-bio-ecological research 
would doubtless help prevent losses and would 
be sure to return big dividends in more success¬ 
ful conservation. 



JAMES WATT: A SCIENTIST RATHER THAN * 

AN INVENTOR 

By B. E. AMBROSIUS and J. C. REED 

ASSOCIATES IN MECHANICAL ENGINEERING, UNIVERSITY OT ILLINOIS 


It is generally thought, even by many 
engineers, that James Watt originated or 
invented the steam-engine. This is far 
from true; what Watt really did was to 
develop a slow-working, cumbersome 
steam pump, excessively wasteful of fuel, 
into a quick-working, powerful and effi¬ 
cient steam-engine and finally left it vir¬ 
tually as it is to-day. The writers pro¬ 
pose to show that this development by 
Watt was the result of a most careful, 
thorough and scientific research involv¬ 
ing the properties as well as the economi¬ 
cal use of steam. 

The use of steam for power purposes, 
however, dates much farther back than 
the period when Watt lived. The elastic 
power of water vapor must have been 
familiar to man from the earliest periods 
of our history. The first recorded ob¬ 
servation of the application of steam 
appears to have been made about one 
hundred and thirty years before the 
Christian era by Hero, 1 the Elder. No 
other mention of steam as a prime mover 
occurs in the works of ancient authors, 
nor among more modern writers until 
about the year 1563, when Mathesius* 
hints at the possibility of constructing 
an apparatus, similar in its operation 
and properties to those of the modem 
steam-engine. Many men who made im¬ 
provements either in its construction or 
application have been credited with the 
invention of the steam-engine. The 
result of the best of these improvements 
was embodied in the Savery engine of 
1699. The Savery engine was a pumping 
engine, essentially the same as the simple 
injector of to-day. The limits of the 

1i 4 Pneumatics * f —Hero. 

* 4 4 Sarepta 99 —Mathesius. 


engine and the inventors* hopes for it 
may be expressed by a quotation from 
Savery: “For,” he says, “I will raise 
you water 500 or a 1000 feet high, could 
you find us a way to procure strength 
enough for such an immense weight as a 
pillar of water of that height; but my 
engine at 60, 70, or 80 feet, raises a full 
bore of water with much ease.** 

The next important development was 
that made by Newcomen, who, in 1705, 
developed an atmospheric engine con¬ 
taining a piston. The use of atmospheric 
pressure as the motive power necessarily 
resulted in a large engine (see Fig. 1). 
The Newcomen engine aroused a contro¬ 
versy, because it infringed on Savery *s 
patent. This atmospheric engine was 
improved in various details by many 
eminent men, being finally brought to 
its apex by Smeaton in 1772. In spite 
of these improvements it was a more 
expensive form of power than that of 
horses, because it used large quantities 
of fuel and steam. These engines were 
so wasteful that they used about one half 
of the steam that was generated for them, 
to warm up the cylinder and piston on 
each stroke. It was the realisation that 
such a condition was not only extremely 
wasteful but unnecessary that prompted 
James Watt to make a thorough study 
of the steam-engine. 

After complete research and experi¬ 
mental consideration of steam and the 
existing forms of steam-engines, Watt 
wrote the specifications for a new design 
radically different and of such superior 
economy that it deserves lasting recogni¬ 
tion. TBe history of mechanical engi¬ 
neering can furnish no other example of 
so great an improvement having been 
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achieved by a single individual. Watt’s 
developments were the progeny of his 
own fertile brain, and were brought to 
perfection by his own sagacity and per¬ 
severance. Before relating the steps 
which he took in the creation of his mar¬ 
velous achievement, it is desirable to 
review his personal history. 

James Watt was born in Greenock, 
Scotland, on January 19, 1736 From 
boyhood he suffered ill health and at an 
early age he displayed a superior genius 
for mechanics. After spending three 
years in apprenticeship as a mathemati¬ 
cal-instrument maker in London, he re¬ 
turned to Glasgow where he was later 
employed at the University of Glasgow 
as a mathematical-instrument maker. 
Watt read extensively and studied quite 
thoroughly metaphysics, chemistry, ar¬ 
chitecture and most of the modern lan¬ 
guages He was well liked and associated 
with the most eminent men of that time 
in Scotland and England As a result 
of such self-education he was a man of 
true philosophical mind and conversant 
with all branches of science. 

It was while at the university that his 
research and experimenting with steam 
really began. It is said that his atten¬ 
tion was turned to the powers of steam 
in 1759, when Dr. Robinson of the 
university proposed to him some ideas 
relative to wheel carriages. However, 
nothing developed concerning such an 
apparatus. Up to this time Watt was 
not familiar with steam nor the steam- 
engine, as lie had confined most of his 
time to the making of mathematical 
instruments. 

There is evidence which proves that 
Watt was a man of unusual ability and 
was, therefore, ably fitted to cope with 
involved problems beyond the field of his 
immediate interest. For instance, after 
repairing a model of the Newcomen 
engine in 1763, his natural activity of 
mind rendered this model a subject of 


profound meditation, and led him into a 
course of practical inquiry respecting it. 
He found that most of the trouble in this 
engine was due to the fact that too much 
of the heat in the steam was lost by 
heating the cylinder. This loss he found 
could not be eliminated in the engine in 
its original state, since it was necessary 
to cool the cylinder in order to condense 
the steam. Watt realized the difference 
in conductivity and heat capacity be- 



F1G. 1. ATMOSPHERIC ENGINE 

FROM "THE STEAM FNGINR, f f BY 13 LARBNER. 
3840. 


tween wood and cast iron, so he tried to 
overcome this disadvantage by building 
an engine with a wooden cylinder. This 
idea was soon abandoned, but it did have 
its compensation, as it led him to study 
the properties of steam, as to pressure, 
temperature, elasticity, weight, concealed 
heat, etc. 8 

Here again ve have another instance 
of Watt’s very active philosophical re¬ 
search that terminated in an important 
practical result, for he found that at 

8 For further discussion as to the methods 
Watt used, see * f Treatise on the Stoam Engine, * * 
by Farcy, pages 311 to 313. 
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atmospheric pressure a pound of steam 
contains 960 heat units. This was indeed 
a large quantity, and therefore he 
thought that the economical use of the 
steam should be the guiding factor in 
engine design, rather than the boiler and 
furnace, which had been the main objec¬ 
tives in former designs. Thi^ informa¬ 
tion allowed Watt to reach this all- 
important conclusion to make the best 
use of the steam—the steam cylinder 
must be kept as warm as possible and 
condensing the steam must be done out¬ 
side of the cylinder. He did not make 
use of this, his great idea, until 1765, 
when he conceived the idea of a con¬ 
denser separate from the cylinder. This 
indeed, as we know now, was marvelous 
reasoning, but he did have difficulty, 
namely, how was he to get rid of the air 
and injection water? This latter prob¬ 
lem apparently did not worry Watt a 
great deal. The method he intended to 
use to overcome this difficulty can be seen 
in the words of part of his first patent of 
January 5,1769: 

Firstly, that vessels in which the powers of 
steam are to be employed to work the engine, 
which is called the cylinder in common fire 
engines, and which I call the steam-vessel, must, 
during the whole time the engine is at work, be 
kept as hot as the steam that enters it. 

Secondly, in engines that are to be worked 

holly or partially by condensation of steam, 
the steam is to be condensed in vessels distinct 
from the steam-vessels or cylinders, although 
occasionally communicating with them. These 
ve sels I call condensers. 

Thirdly, whatever air, or other elastic vapour 
is not condensed by the cold of the condenser, 
and may impede the working of the engine, is 
to be drawn out of the steam-vessels, or con¬ 
densers by means of pumps. 

Fourthly, I intend, in many cases to use the 
expansion force of the steam to press on the 
pistons, in the same manner as the pressure of 
tli j atmosphere is now employed. 

From these statements one can see that 
Watt’s chief interest was economy and 
that he was obliged to state the proper¬ 
ties of a machine that had never been 
built. Although he knew the merits and 


truth of his deductions, he did not know 
how he was to execute them in the form 
of an actual engine. His patent does not 
describe a machine, but merely states 
methods for decreasing the engine’s 
steam consumption. 

About the time Watt obtained his 
patent, he became associated with Dr. 
Roebuck, who had started the Carron 
iron works in Scotland. They proposed 
to start manufacturing engines exten¬ 
sively under the patent. Watt started 
his first real engine, which had a cylinder 
diameter of 18 inches, at Kinneal-house. 
This was an experimental engine, and 
was, therefore, altered and improved 
from time to time before it was finished. 
The greatest difficulty in the construc¬ 
tion of this engine occurred in the boring 
of the cylinder and in the packing of the 
piston to make it steam-tight. 

While Watt was contending with these 
obstacles that impeded his progress, Roe¬ 
buck became financially embarrassed, 
from the failure of his undertaking in 
the Borrowstowness coal and salt works, 
and was unable to continue with the 
engine manufacture. In 1773 Roebuck 
sold his interests to Matthew Boulton, 
of Birmingham, whose metal works was 
the most complete in England. This 
meant much to Watt, especially since a 
portion of the works was allotted to him 
in order that he might carry out his ideas 
on a grand scale. It was at this plant 
that the engine reached its final form, as 
shown in Fig. 2. 

The thermal efficiency of Newcomen’s 
best engine as obtained from its operat¬ 
ing data was about 1.5 per cent. This 
may be compared with the thermal effi¬ 
ciency of Watt’s engine which can he 
estimated from the fuel consumption, 
which was one-hundred weight of Wed- 
nesbury slack and lump coal, while the 
engine made 3,000 strokes and at each 
stroke* raised 7.8 cubic feet of wafer 24 
feet high. With these values the thermal 
efficiency is about 3 per cent., which is 
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FIG. 2. WATT’S FIRST STEAM PUMPING 
ENGINE. 

FROM “A MANUAL or THE STEAM ENGINE,” BY 

R. Hoblyn. 1842. 

indeed a remarkably high value for this 
early engine and is by far the highest 
value for any engine of that time. 

In making the changes of plant loca¬ 
tion and the necessary improvements on 
the engine much time was required; as a 
consequence the patent was about to 
expire and the engine was not yet placed 
on the market. Watt, therefore, applied 
for an extension of time on his patent, 
and in 1775 an act was passed to extend 
the original patent of fourteen years to 
twenty-five years from that date; so that 
in the whole the patent was in force more 
than thirty years. The granting of this 
extension in itself speaks well of Watt’s 
work and the merits of his engine. The 
writers have been unable to find any 
other record where such an extension has 
been made on any other patent. 

The tremendous commercial success of 
Watt’s engines was not due entirely to 
his own efforts, but depended largely on 
the business judgment and experiment 
of his esteemed partner, Boulton, who 
wrote to Smeaton in 1778 as follows; 


We are systematizing the business of engine 
making, as we have done before, in the button 
manufactory; we are training up workmen and 
making tools and machines to form the different 
parts of Mr. Watt’s engines, with more accu¬ 
racy, and at a cheaper rate than can possibly be 
done by the ordinary methods of working. Our 
work shop and apparatus will be of sufficient 
extent to execute all the engines which are likely 
to be soon wanted in this country; and it will 
not be worth the expense for any other engineers 
to erect similar works, for that would be like 
building a mill to grind a bushel of corn. . , . 

The chief, if not the only, sales argu¬ 
ments for the Watt engines were their 
unusual records for operating economy 
as compared with the Newcomen engines 
(already in service) in the use of fuel. 
For example, he states that “all we ask 
from those who choose to have our en¬ 
gines is the value of one-third part of the 
coals which are saved by using our im¬ 
proved machines instead of the old. . . . 

In conclusion, it may be said that, 
before Watt’s time, the steam-engine was 
exclusively a steam pump, very slow 
working, extremely cumbersome and ex¬ 
cessively wasteful of fuel. His first im¬ 
provements made it quick-acting, power¬ 
ful and efficient, but still left it a steam 
pump, entirely replacing the Newcomen 
engines. James Watt’s later develop¬ 
ments and inventions adapted the steam- 
engine to drive machinery of all kinds 
and left it virtually what it is to-day. 
Later designs have developed more direct 
methods of (1) connecting the piston 
with the crank, (2) higher working pres¬ 
sures and (3) compound expansions; all 
of which were considered by Watt. 

James Watt is also credited with 
the following developments: condensing 
steam-engine; double-acting steam-en¬ 
gine; steam cylinder jacketing; expan¬ 
sive working of steam; piston st uffing 
box; wet air pump (air and condensate 
pump); circulating pump; indicator; 
mercury steam gauge; fly-ball governor; 
throttle valve; stroke counter; steam 
hammer, and statuary copying machine. 
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THE HARVARD TERCENTENARY CONFERENCE OF ARTS AND SCIENCES 


The Harvard Tercentenary Confer¬ 
ence of Arts and Sciences to be held in 
Cambridge from August 31 to September 
12, the fortnight preceding the three-day 
celebration on September 16, 17 and 18, 
will be one of the most distinctive and 
important features of Harvard’s tercen¬ 
tenary year It was decided more than 
two years ago that, although the festive 
and retrospective aspects of such an an¬ 
niversary were not to 
be overlooked, the cele¬ 
bration should itself be 
primarily the occasion 
for a contribution to 
learning and a stimu¬ 
lus to scholarly achieve¬ 
ment. So, before the 
concluding ceremonies 
bring to Cambridge a 
great concourse of the 
alumni and friends 
of Harvard, including 
some six hundred dele¬ 
gates from about four 
hundred and eighty 
universities, colleges, 
learned societies and 
other bodies concerned 
with higher education, 
about 2,500 American and Canadian 
scholars will gather to hear the papers 
and lectures to be given by seventy-three 
of the most distinguished men chosen 
from various fields of learning. 

The process by which the contributors 
to the conference were chosen is itself 
significant. While the standard set was 
high, the selection was nothing so diffi¬ 
cult or invidious as an attempt to make 
the final list a would-be official rating of 
the world's best scholars to the exclusion 
of others, on the assumption that they 
did not * * rate 9 ’ inclusion. Some five hun¬ 
dred names received consideration, di¬ 
vided with approximate equality among 


the <4 quadrants'’ of the Physical and 
Mathematical Sciences, the Biological 
Sciences, the Social Sciences and the 
Humanities—or Arts and Letters, to use 
a preferred designation. The final selec¬ 
tion was controlled by two considera¬ 
tions: First came distinction and con¬ 
tinued productivity, rather than emi¬ 
nence alone This test was applied to 
all. Second came special competence, to 
contribute to the three 
collaborative symposia 
on prearranged sub¬ 
jects thought to pos¬ 
sess peculiar timeliness 
and importance These 
criteria are reflected 
in the program, which 
show’s in the Physical 
and Mathematical Sci¬ 
ences, and to some ex¬ 
tent in the Biological 
Sciences, a series of 
contributions embody¬ 
ing what happen to be 
the special interests of 
tlie individual contrib¬ 
utor; while the rest of 
the program reveals an 
attempt to secure what 
is called “a common attack 1 ’ by repre¬ 
sentatives of the Biological Sciences, the 
Social Sciences and Arts and Letters, 
upon problems of man in his relation to 
his fellows and to nature If, as it is 
hoped, the conference plan is itself a 
contribution to the strategy of man’s 
search into the unknown, the hope is 
based upon the emphasis placed upon 
problems to be solved rather than upon 
one or more conventional disciplines as 
self-sufficient channels of approach. 

Invitations to register as members of 
the conference were distributed widely 
among professors in the leading univer¬ 
sities and colleges of the United States 
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Harvard Collrfjc Libiaty 

THE EARLIEST CONTEMPORARY VIEW OF HARVARD COLLEGE, 1726 
From an engraving drawn bt William Burgis. 


and Canada as well as among research 
institutes. The limits of space in the 
largest lecture halls have compelled a 
limitation of the membership to 2,500. 
Even with this limitation, overflow ar¬ 
rangements, with loud-speakers, will 
probably have to be made in adjoining 
halls, in the case of the collaborative sym¬ 
posia. Admission to lectures will be con¬ 
trolled by badges of different colors, each 
indicating one of the four “quadrants.” 
Preference in admission will be given to 
those wearing the color corresponding to 
the subjects of the sessions. Associate 
membership will be granted to a limited 
number of applicants, to whom no assur¬ 
ance can be given that they can hear 
papers otherwise than by loud-speaker in 
a neighboring hall. Even at the few lec¬ 
tures designated as “public,” the mem¬ 
bers of the conference will probably All 


the lecture halls, thus forcing others to 
content themselves with the loud-speak¬ 
ers nearby or to resort to the radio—for 
the lectures likely to be of greater public 
interest will be broadcast by the Boston, 
non-profit, educational station W1XAL 
operating on short-wave frequencies of 
6.04 megacycles (49.67 meters) or 11.79 
megacycles (25.45 meters). 

Nominally extending over the two 
weeks from August 31 to September 12, 
the program of the first week has chiefly 
to do with the Mathematical and Phys¬ 
ical Sciences and is coordinated with 
sessions of the American Mathematical 
Society, the Mathematical Association of 
America and the American Astronomical 
Society. The second week begins with 
the only plenary session, at which ad¬ 
dresses will be made by President James 
B. Conant and Jerome D. Greene, di- 
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rector of the tercentenary celebration itus president of Harvard University, on 
and chairman of the executive committee “An Example from the Evidence of His- 
of the conference, on September 7. tory,” in the afternoon will be followed 
The conference will be opened with a by a late evening lecture by Dr. Bronis- 
lecture by Professor Ronald A. Fischer, law Malinowski, on “Culture as a Deter- 
professor of eugenics in the University minant of Behavior.” 
of London, on “Uncertain Inference.” The second collaborative* symposium, 
This will initiate the symposium on the entitled “Authority and the Individ- 
Mathematical and Physical Sciences. ual,” will occupy two days. It will be 
The first collaborative symposium will divided into four parts, one entitled 
be devoted to “Factors Determining Hu- “The State and Economic Enterprise.” 
man Behavior,” which will open on the Under this section on September 8 Dr. 
morning of September 7 with a lecture William E. Rappard, professor of public 
by Dr. Edgar Douglas Adrian, Fouler- finance in the University of Geneva, will 
ton professor of the Royal Society in the read a paper on “Economic National- 
field of physiology. An evening lecture, ism.” The second section of this sym- 
by Dr. Abbott Lawrence Lowell, emer- posium is entitled “Stability and Social 
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Change.” The main feature of the lat¬ 
ter will be an evening lecture by Dr. 
John Dewey, professor of philosophy, 
emeritus, in Columbia University, on 
“Authority and Resistance to Social 
Change.” The third sub-topic in this 
symposium is entitled “The Place and 
Functions of Authority.” Taking part 
in this group of papers will be Lorrado 
Gini, professor of statistics and sociology 
in the University of Rome. Arts and 
Letters is represented in the fourth sec¬ 
tion of this symposium on “Authority 
and the Individual,” under the title 
4 4 Classicism and Romanticism. ’ 9 An im¬ 
portant feature of this part of the pro¬ 
gram is a lecture by Dr. E. J. Dent, pro¬ 
fessor of English in the University of 
Cambridge, on “The Historical Ap¬ 
proach to Music.” This lecture is, how¬ 
ever, to be given on September 3. 

The third collaborative symposium 
will bear the pregnant title, “Indepen¬ 
dence, Convergence and Borrowing in In¬ 
stitutions, Thought and Art.” “Europe 
and the Near East” and “The Middle 
Ages” are the two divisions under this 


head. This symposium will be concluded 
by an evening lecture, entitled “Medi¬ 
eval Universahsm and its Present Val¬ 
ue,” by Dr Etienne Gilson, who is pro¬ 
fessor of philosophy in the College de 
France. To readers of the Scientific 
Monthly, possibly the symposia on the 
natural and exact sciences will be of even 
greater interest than the program out¬ 
lined above. It will be divided into three 
parts, “Europe and the Near East,” 
“The Middle Ages” and “East and 
West.” 

This symposium on the “Biological 
Sciences” will begin on September 8, 
and contains four divisions - The first is 
“Various Aspects of Biology” (under 
which are gathered miscellaneous papers 
by distinguished foreign and American 
men working in the biological sciences) ; 
* 4 Experimental Morphology ”; “ Para¬ 
sitism”; the final section of this sym¬ 
posium on the 44 Biological Sciences” 
will be entitled 4 4 The Applications of 
Physical Chemistry to Biology ” Among 
the speakers in this group will be Dr. 
J. H. Northrop, a member of the Roclte- 
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feller Institute, who will address the con¬ 
ference on “The Use of Isotopes as Indi¬ 
cators in Biological Research.’ ’ 

The fifth, the last of these collabora¬ 
tive symposiums, is one on the 4 * Physical 
Sciences,’* which will have sections on 
“Mathematics,” “Astrophysics,” “Cos¬ 
mogony,” “Cosmic Radiation,” “Nu¬ 
clear Physics” and “Communication En¬ 
gineering. 9 9 The latter is by Dr. Prank 
B. Jewelt, of the Bell Telephone Labora¬ 
tories, whose picture was reproduced in 
the August issue of the Scientific 
Monthly in connection with the award 
to him of the Franklin Medal of the 
Franklin Institute. 

It is of special interest to note that 
the sessions on “Nuclear Physics,” 
which are to be held on September 8 and 
9, are made up entirely of American 
physicists. 

The session on “Geology and Geo¬ 
physics” will consist of a lecture by 
E. B Bailey, professor of geology in the 


University of Glasgow, and of contribu¬ 
tions from American men of science. 

The section of chemistry will have the 
following papers: by Peter Debye, pro¬ 
fessor of physics in the University of 
Leipzig, on “The Structure of Liquids”, 
by Hans Fischer, professor of chemistry 
in the Technische Hochschule of Munich, 
on “Chlorophyll”; by Leopold Ruzicka, 
professor of chemistry in the Technische 
Hochschule of Zurich, on i i The Male Sex 
Hormones.” 

Friedrich Bergius, of the Deutsche 
Bergin-Aktiengesellschaft in Heidelberg, 
will present the only paper in connection 
with the section on “Industrial Chem¬ 
istry.” Ilis contribution is entitled 
“The Conversion of Wood into Carbo¬ 
hydrates and Technical Problems m the 
Industrial Use of Concentrated Hydro¬ 
chloric Acid.” 

Jerome D. Greene, 

Director 

Harvard Tercentenary Celeiiration 


SUMMER CONFERENCES ON SPECTROSCOPY AND ITS APPLICATIONS, 
AND ON COLOR, AT THE MASSACHUSETTS INSTITUTE OF 

TECHNOLOGY 

In the present age of scientific special- stitute, attracted some seventy scientists 


ization any cooperative effort which over¬ 
laps the arbitrary lines of demarcation 
between the sciences is of unusual inter¬ 
est. An example of this is the series of 
one-week conferences on spectroscopy 
held in the George Eastman Laboratories 
of the Massachusetts Institute of Tech¬ 
nology during the past four summers. 
Biologists, chemists, physicists, astrono¬ 
mers, metallurgists, engineers, agricul¬ 
tural scientists, physicians and represen¬ 
tatives of other branches of science and 
industry have met together in increasing 
numbers to discuss spectroscopy, par¬ 
ticularly as applied to the analysis of 
materials. 

The first conference, arranged in the 
summer of 1983 by Professor George R. 
Harrison, director of the research labo¬ 
ratory of experimental physics at the in- 


from America and abroad. As knowl¬ 
edge of the applicability of spectro- 
graphic methods of analysis to various 
fields has grown, interest in the confer¬ 
ences has spread, with a resulting in¬ 
crease in enrolment from year to year, 
until at the conference just concluded 
over 200 were in attendance during the 
first three days, when this subject was 
under discussion An additional 200 
persons registered at a conference on 
color held during the last three days of 
the week beginning on July 20. The 
program of the spectroscopy conference 
was in charge of Professor Harrison, 
while that of the color conference was 
under the chairmanship of Professor 
Arthur C. Hardy, of the physics depart¬ 
ment of the institute, president of the 
Optical Society of America. 
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SECTION OF THE TRACK FOE PLATE- 
HOLDERS 

IN THE LARGE SPECTROSCOPIC ROOM OF THE MAS¬ 
SACHUSETTS Institute of Technology’s new 
SPECTROSCOPIC LABORATORY. THE DIAMETER OF 
THIS CIRCULAR TRACK IS TEN METERS. 



MACHINE FOR MEASURING AND COM¬ 
PUTING WAVE-LENGTHS 

OF SPECTRUM LINES 20 TIMES FASTER THAN HAS 
HITHERTO BEEN POSSIBLE HAS BEEN DEVELOPED 
IN THE DEPARTMENT OF PHYSICS AT THE MASSA- 

chusetts Institute of Technology by Pro¬ 
fessor George R. Harrison, director of the 
institute’s spectroscopy laboratory. 


Although a wide variety of subjects 
was covered at the spectroscopy confer¬ 
ence, the meetings were noteworthy for 
the willingness of specialists in a given 
field to listen to papers presented by 
workers in other fields. Arguments be¬ 
tween biologists on such things as the 
absorption spectra of haemoglobin de¬ 
rivatives were participated in whole¬ 
heartedly by physicists, chemists and 
others not particularly familiar with bi¬ 
ological terms but having very definite 
ideas as to proper speetrographie pro¬ 
cedure, with the result that numerous 
lively discussions featured the meetings. 

On Monday morning a series of five 
half-hour papers on analysis of materials 
by means of the emission spectrum was 
given by W. F. Meggers, of the National 
Bureau of Standards, G. O. Langstroth, 
of McGill University; David Richardson, 
of the Massachusetts Institute of Tech¬ 
nology; 0 S. Duffendack, of tin* Univer¬ 
sity of Michigan, and Mary E Warga, 
of the University of Pittsburgh 

The Monday afternoon session was de¬ 
voted to biological spectroscopy, with 
papers by G. I. Gavin, of the Rockefeller 
Institute; L. H Flint, of the IT. S. De¬ 
partment of Agriculture, J, S. Foster, of 
McGill University; and E S. Miller, of 
the University of Minnesota. 

Tuesday morning was devoted to met¬ 
allurgical spectroscopy, papers being 
given by J. S. Owens, of the Dow Chemi¬ 
cal Company; D. #T Crawford, of the 
Watertown Arsenal; R. A. Sawyer, of 
the University of Michigan; H. B. Vin¬ 
cent, of the same institution; and L. 
Strock, of Lucius Pitkin, Inc. 

Biological spectroscopy was again 
taken up on Tuesday afternoon, papers 
being given by D. L. Drabkin, of the 
University of Pennsylvania; D. R. Mc¬ 
Rae, of McGill University; T. R. Hog- 
ness, of the University of Chicago; C. B. 
Coulter, of Columbia University; and 
L. E. Gaul, of New York City. 
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Absorption spectrophotometry was the 
subject of Wednesday morning's discus¬ 
sion, with papers by Professor Hogness; 
Brian O’Brien, of the University of 
Rochester; Egon Lorenz, of the U. S 
Public Health Service; Dr. Drabkin; 
and O. R. Wulf, of the U. S. Bureau of 
Chemistry and Soils. 

General spectroscopy was discussed on 
Wednesday afternoon, three papers be¬ 
ing read, by Dr. Meggers; H. A. Robin¬ 
son, of the University of Uppsala; and 
Dr. O’Brien A two-hour general dis¬ 
cussion of spectrographic methods con¬ 
cluded the spectroscopy conference. 

Equal interest was shown in the color 
conference, papers being given by L. A. 
Jones, of the Eastman Kodak Company; 
John W. Forrest, of the Bausch and 
Lomb Optical Company; H E. Ives, of 
Ihe Bell Telephone Laboratories; K. 8 
Gibson, of the National Bureau of Stand¬ 
ards; J. L. Miehaelson, of the General 
Electric Company; G. F. A. Stutz, of 
the New Jersey Zinc Company; C. E. 


Foss, of the International Printing Ink 
Corporation; Lester C. Lewis, of the 
Mead Corporation, Selig Heoht, of Co¬ 
lumbia University; Deane B. Judd, of 
the National Bureau of Standards; D. L 
Mac A dam, of the Eastman Kodak Com¬ 
pany ; F. W. Sears, of the Massachusetts 
Institute of Technology; H. P. Gage, of 
the Corning Glass Works; Walter M. 
Scott, of Gustavus J. Esselen, Inc. ; 
Dorothy Nickerson, of the U. S. Bureau 
of Agricultural Economics; F. H. Nor¬ 
ton, of the Massachusetts Institute of 
Technology, K S Gibson, of the Na¬ 
tional Bureau of Standards, A. W. Ken¬ 
ney, of E. I. du Pont de Nemours and 
Company; M. Rea Paul, of National 
Lead Company; W. D. Appel, of the 
National Bureau of Standards; I. H. 
Godlove and Ii. E Rose, of the du Pont 
Company 

Registration at both conferences was 
free and open to any one interested in 
the subjects under discussion. A similar 
conference or group of conferences is 
being planned for next summer. 


UTILIZATION OF THE WHOLE COTTON PLANT 

At the second Dearborn conference of Carolina, read a paper describing the 
the Farm Chemurgic Council, Dr. Frank work of his students on “Whole Cotton 
K. Cameron, of the University of North as a Source of Oil and Alpha Cellulose.” 



CUTTING COTTON WITH A MOWING MACHINE 
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BALING THE WHOLE COTTON PLANT 


Several years ago, when the over-supply 
of lint cotton became a matter of con¬ 
cern, the investigators became interested 
in the possibilities of growing cotton as a 
source of cellulose. If the cotton plant 
could be developed into such a source it 
would be of considerable benefit to the 
southeastern states, which are at a dis¬ 
advantage in competition with the south¬ 
western states in the growing of lint 
cotton. The prospect of a new outlet for 
the chief money crop of this region, with¬ 
out radical changes in the present farm 
practice, was a primary incentive to the 
series of investigations carried on since 
1929. 

The growing experiments have been 
made by N. W. Dockery near Rocking¬ 
ham, N. C. Crowding and starving the 
plant forced it to mature early and give 
a larger proportion of lint cotton than 
does the normal plant. The crowding 
also caused the great majority of the 
bolls to ripen at the same time. The 
plants reach a maximum cellulose con¬ 
tent of about 50 per cent, about 25 weeks 
after planting. The plants are cut with 
a mowing machine and immediately 
baled in the field. This baled material 
may be stored without deterioration. 
Some bales have stood in the open with¬ 
out injury for five years. It has been 


found essential that the material be 
stored under conditions which will pre¬ 
vent the accumulation of inorganic dust. 

The baled material is comminuted to a 
uniformly ground mass of fluffy nature 
(because of the large proportion of lint 
cotton). An ordinary agricultural type 
of hammer mill serves the purpose ad¬ 
mirably. Thus a material is obtained 
which is in a much more favorable con¬ 
dition for pulping than the usual wood 
chips The oil is extracted by solvents 
and an oil similar to cottonseed oil and a 
wax similar to beeswax recovered. The 
residue has, to date, been made into a 
pulp by two methods. The two proc¬ 
esses studied are, first, the nitric acid 
process and, second, the alkali process. 
The resulting pulp is suitable for the 
manufacture of many cellulose products. 
Further growing experiments are under 
way and it is planned to continue the 
investigation on pulping by a study of 
the other commercial methods as soon as 
equipment and funds are available. 

Alfred R. Maoormao 



126-POUND BALE OP WHOLE COTTON 
PLANT OOMPABED WITH 500-POUND 
?ALE OF LINT COTTON 
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THE ROLE OF TIME IN THE LEARNING PROCESS 


The writer has recently succeeded in 
isolating a process of mental growth 
which may require a complete reorder¬ 
ing of the present-day conceptions of 
human learning. 1 In essence, the find¬ 
ings rest upon the use of an experi¬ 
mental device which reduces the adult 
subject to a beginning point only slightly 
above that of a child. From this low 
point the growth called learning is 
charted on its upward rise and is found 
to present two distinct, even opposed 
processes. The earlier or primary growth 
seems to require a new frame of thought 
and a new logic, while the later, secon¬ 
dary process is in complete accord with 
our present conceptions. 

The experimental technique employed 
in these studies involves a mirror-vision 
coordination where the subject traces the 
outline of a path by means of a mental 
stylus as the path is revealed by mirror- 
vision only. The scores begin at a point 
very close to zero, and the experimental 
controls at every stage of the learning 
are very satisfactory. 

An indication of the opposed character 
of the two growth processes is seen in the 
following* Primary growth is early, sec- 

1 Geo. 8. 8uoddy , 11 Evidence for Two Opposed 
Processes in Mental Growth, ’ f The Science Press 
Printing Company, Lancaster, Pa, 1935. 



REPS 


A. DIAGRAMM ATIC PRESENTATION 0F THE EFFI¬ 
CIENCY SCORES (V) OF A VERY SUPERIOR AND 
AN INFERIOR GROUP PLOTTED AGAINST THE NUM¬ 
BER OF REPETITIONS. 


ondary is late; individual differences are 
decreasing in primary growth and in¬ 
creasing in secondary growth; primary 
growth is a positive function of the 
length of time interpolated between 
stimulations; secondary growth rests 
upon stimulation alone; primary growth 
is permanent, since time only enhances 
it, while secondary growth is temporary 
and requires constant stimulation. Fig. 
1, showing the growth processes for a 
high and low efficiency group, presents 
the general character of the two growths. 
As time is interpolated the removal of 
individual differences at the left is 
greatly increased. As time is with¬ 
drawn, i.c., stimulation increased, the 
point of greatest constriction moves to 
the left and falls to a lower point on the 
graph. 

An indication of the havoc wrought 
in learning theory by the discovery of 
the primary growth process can be seen 
in its bearing upon the conception that 
learning is a selection of random move¬ 
ments. Keep in mind that the reduction 
of individual differences through this 
growth is supported by a correlation of 
.97 db .002 in a study of 400 adult sub¬ 
jects. The poorer the subject the more 
he gains, which means that those with 
many good movements do not gain in 
proportion to the number of good move¬ 
ments, random or otherwise, since the 
greater gain is always on the side of the 
excess of poor movements. The growth 
rate in the primary process resembles the 
reduction of volume in a gas brought 
about by adding weights to the piston: 
the more disperse the gas, the greater the 
change. 

An indication of the effect of interpo¬ 
lated time on early growth is shown in 
Fig. 2. The group with the time inter¬ 
vals, though initially inferior, rises to a 
level far above that of the continuous- 
practice subjects. The reliability ranges 
from statistical certainty at the second 
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12 3 4 5 C 7 0 9 10 II 12 13 14 15 16 17 10 13 20 
RCKTITIONS 


Early efficiency scores (V) of two groups 

UNDER DIFFERENT CONDITIONS OF PRACTICE IN 
GROUP A REPETITIONS WERE SEPARATED BY 24- 
IIOUR TIME INTERVALS AND IN GROUP B PRACTICE 
WAS CONTINUOUS LATE IN THE LEARNING THESE 
TWO GROUPS ARE REVERSED, THE CONTINUOUS 
PRACTICE BEING SUPERIOR. 

repetition to four times this value at the 
twelfth repetition Also the continuous- 
practice group becomes very much more 
variable as practice continues than is 
the case with the time-interval group; 
the stimulation is depressing the poorer 
members in the group with continuous 
practice and is increasing their varia¬ 
bility. These subjects give every evi¬ 
dence of undergoing punishment. Tn 


the time-interval group the situation is 
reversed: the whole group is not only im¬ 
proving at a higher rate, but the lower 
subjects are profiting greatly from the 
time, and individual differences are be¬ 
ing reduced. This seems to point unmis¬ 
takably to the fact that primary growth 
is stabilization, not selection. A process 
of contraction is taking place in the indi¬ 
vidual subject, which is analogous to 
what takes place in the group or to what 
occurs in a sand pile when it settles. The 
survival-of-the-fittest origin of the selec¬ 
tion theory gives us no reason to sup¬ 
pose it could explain what actually oc¬ 
curs in learning. 

Other experimental devices show the 
same sequence of opposed growth proc¬ 
esses when we are able to get the lowest 
level of growth under observation. The 
pursuit rotor has just given one of our 
research students exactly the same find¬ 
ings as 1 have indicated above There is 
no reason to suspect that the peculiar 
character of our findings depends upon 
any other factor than the measuring of 
a level of mental growth which comes 
earlier than any we have studied here¬ 
tofore. 

Geo S. Snoody 

Indiana University 
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THE PHYSIOLOGY OF LIFE AT HIGH 

ALTITUDES 

THE INTERNATIONAL HIGH ALTITUDE EXPEDITION 

TO CHILE, 1935 

By Dr. ANCEL KEYS 

ORGANIZER AND MANAGER OF THE EXPEDITION, ASSISTANT PROFESSOR OF lilOCffKM1HTRY, 
THE MA\ 0 FOUNDATION FOR MEDICAL RESEARCH 


As one rises above the level of the sea, 
the pressure of the atmosphere (baro¬ 
metric pressure) falls; at 18,000 feet it is 
only about half as great as at sea level 
The composition of the air, however, does 
not change appreciably and air is about 
21 per cent, oxygen at all levels. This 
means that, at 18,000 feet, a given breath 
of air will only supply half as much oxy¬ 
gen as at sea level, a difference which 
must be expected to have profound 
effects on men and animals which require 
oxygen for life. Fig. 2 shows the rela¬ 
tion between altitude and air (and oxy¬ 
gen) pressure, and gives a few high alti¬ 
tude landmarks 

In the early decades of the sixteenth 
century the Spanish Conquistadors in¬ 
vaded and despoiled the kingdom of the 
Incas. From the high plateaux of Peru 
and Bolivia they sent back tales of a 
fearful poison in ttte air of these moun¬ 
tains and of a dread disease, the ‘‘‘sick¬ 
ness of the Andes/ 9 or ‘‘soroche, ’ n which 

i The Quechua word * 4 soroche * 1 has gained 
some currency owing to the prevalence of the 
condition in the Andes and because for several 
centuries it was thought, in Europe at least, 
that severe mountain sickness is peculiar to the 
highlands of South America. In parts of Chile 
and Bolivia the term i 4 puna ’ * is used. 


no physician could cure. Breathlessness 
had long been known in certain cantons 
in Switzerland, but people in Europe did 
not experience sensations comparable to 
those of the South American explorers 
until the first attempts to climb Mt. 
Blanc (eighteenth century). 

Scientific interest in the problems of 
life at high altitudes might well have be¬ 
gun with Lavoisier's demonstrations of 
the role of oxygen in the maintenance of 
life (latter part of the eighteenth cen¬ 
tury). However, aside from murdering 
a few mice in evacuated bell jars, little 
was done until balloon ascents captured 
attention seventy years ago. The French 
physiologist, Paul Bert, attempted to 
bring high altitude into the laboratory 
by studying men in vacuum chambers. 
Other investigators argued that, since 
the effect of low air pressure seems to be 
primarily owing to reduced oxygen pres¬ 
sure, high altitude can be simulated at 
sea level pressure by replacing some of 
the oxygen in the air by the inert gas 
nitrogen. Both types of chambers are 
still being used, but the abnormality of 
life in such chambers makes them of lim¬ 
ited utility except for acute experiments. 
The immediate results of sudden reduc- 
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CERRO DE AUCANQUILCHA FROM THE VILLAGE OF OLLAGUE 
The altitudes op the three peaks \ ikibi.k are, prom lept to right, 20,150, 20.280 and 20,100 feet See photograph on page 306 por appear 
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tion in air pressure are relatively easy to 
explain; the restoration of physical and 
mental vigor after some time at high alti¬ 
tude and the delayed onset of altitude 
sickness are both more interesting and 
less intelligible 

In these days there should be no need 
to dwell on reasons for making a study 
of the adaptation to life at high altitudes. 

ALTITUDE-THOUSANDS Of FEET 



2 SANTA FE.NM. 

3 MEXICO CfTY 

4 ADDIS ABABA j 

ABOOCrA.QQLQM^A_ 

6-CHUQU9CAMATA 

7 QUITO, ECUADOR 
a-LEACVILLC COLORADO 
9-LHASA TflET. i LA f*Z .BOLIVIA 
IOOU-AGUE 

I I'POTOS^BOLIVIA- 

I2PIKES PEAK 

13- CERRD DC RASCO 

14- MT WHITNEY (HIGHEST M USA 



I 5 COLLAHUASf M 

16 MT BLANC | | \ 

I? QUILCm MINE CAMP N 

16 AUCANQUILCHA CAMP I 

19 HIGHEST PEAK IN THE AMERICAS fcCON 

20 •• •• CLIMBED (MTKAMTT) 

21 " POINT RCACHEDON EVEREST 

22 MT EVEREST ill H 


- 1 —2 - 3 - 3 - 5 5 7 6 

ALTITUDE-KILOMETERS ABOVE SEA LEVEL 

FIG. 2. 

The relation between air (and oxygen) pres¬ 
sure AND AlrTlTUDE, THE NUMBERED POINTS 
ALONG THE CURVED LINE REFER TO THE VARIOUS 
PLACES TABULATED. 

Each day brings new stories of high fly¬ 
ing records, stratosphere balloons and 
plans for commercial transportation in 
the sub-stratosphere. Prospectors are 
finding more mineral deposits to be ex¬ 
ploited in high mountains As this ar¬ 
ticle is being written, the latest Mount 
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Map op the region in Northern Chile in which the International High Altitude Expedi¬ 
tion WORKED IN 1935. 
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Everest Expedition is preparing its base 
camp for another great effort which the 
world will follow with sympathetic in¬ 
terest. In all these enterprises the low 
air pressure of high altitude, with the 
corresponding lack of oxygen, is a major 
hazard. 

In the civilized world it is now agreed 
that the physiological peculiarities of 
life at high altitude result almost en¬ 
tirely from the diminished oxygen pres¬ 
sure in the air. At high altitude one also 
finds intense eold and very great radia¬ 
tion from the sun, especially of ultra¬ 


causes seem to be simply in differences 
in the terrain—that is, in the muscular 
exertion required to travel or in the 
speed with which altitude may be gained. 
For example, the Andes have an unen¬ 
viable but merited reputation for pro¬ 
ducing more “soroche” than equally 
high regions elsewhere; the cause is 
probably that in the Andes one often 
ascends rapidly from the lowland to 
great heights. 

Visitors to Pike’s Peak know that the 
trip from 6,000 to 14,008 feet in a few 
hours is apt to leave one gasping and 



THE EXPEDITION TRAIN AT OELAGUE. 
Note steps it to the laboratory cars 


violet light, but these are only small 
modifying factors; one can easily develop 
plenty of mountain sickness in a warm 
house at high altitude. 

The association of mountain sickness 
or soroche with a definite geographical 
place is easily understood. It is common 
in the Himalayas and in the Andes to be 
told that certain regions “contain much 
mountain sickness,” or that, of two high 
peaks or passes of similar height, one 
“has much more soroche” than the 
other. In some cases there may be sound 
reasons for these statements, but the 


gazing about with “dull and jaundiced 
eye,” and that a stay overnight is often 
attended with severe headache, sleepless¬ 
ness and, not rarely, nausea. Many feel 
little at first but fall ill after a few hours, 
some never suffer anything worse than 
breathlessness, while the caretakers of 
the inn seem to be quite normal unless 
they attempt strenuous exercise These 
differences illustrate two of the most 
interesting questions about high altitude 
effects, individual differences and accli¬ 
matization. 

It is well known that many otherwise 
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BOLIVIAN TYPES 

PREDOMINATE IN THE MOUNTAIN REOION OF NORTHERN CHILE NEAR THE BOLIVIAN FRONTIER TlIE 
WHITE HAT AND SHAWL ARE CHARACTERISTIC. 


healthy people are unable to stand high 
altitude and that as one approaches 
really great heights individual differ¬ 
ences are accentuated. Moreover, aside 
from the recognition that people with 
definite cardiac or respiratory weakness 
are unfitted to go high, attempts to pre¬ 
dict the responses of individuals to life 
at high altitudes heretofore have been 
attended With little or no success. 2 All 
these points were very clear on our expe¬ 
dition to Chile, 

Mountaineering parties and explorers 
have demonstrated that by acclimatiza¬ 
tion man is able to live and to work at 
altitudes where continued existence 
otherwise would be impossible. The 
summer vacationer who spends a few 
days or weeks at eight or ten thousand 
feet considers himself rather hardy, but 
large communities at these altitudes are 

2 Predictions as to ability to fly high for a 
short time are often relatively accurate. 


not rare. The mountaineer who, purple 
and gasping, drags himself to the top of 
a major peak in the Alps does not always 
remember that there are thousands of 
people in Asia and in South America 
who make their homes and carry out 
their daily work at an equal altitude. 
The aviator flying to above 20,000 feet 
without an artificial supply of oxygen 
suffers anything from mild malaise and 
lack of coordination to complete mental 
and physical collapse; 8 at the same and 
higher altitude the acclimatized moun¬ 
taineer may feel almost entirely normal 
at rest and is able to do arduous physical 
work for hours with only moderate dis¬ 
comfort. 

s Physical exertion intensifies the danger but, 
even wlien sitting quietly, loss of consciousness 
followed by death can result, especially above 
28,000 feet. Only good luck allowed Tissandier 
to return alive from the balloon flight in 1875 
on which his'two companions died at a little over 
25,000 feet. 
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Knowledge of physiology and physio¬ 
logical theory would predict the general 
nature though not the precise form of 
the discomfort and danger of rarefied 
air, but gives very little clue to the ac¬ 
climatization process. In this respect 
there are similarities with chronic heart 
disease 4 in which also physiology can tell 
why the patient is incapacitated but not 
why, in many cases, “compensation” is 
accomplished so that the sufferer is able 
to lead a nearly normal life. Perhaps 
the resemblance is more than superficial, 
in both cardiac disease and high altitude, 
deficiency of oxygen in the blood (anox¬ 
emia) is responsible for most of the 
unpleasant symptoms 
It will be agreed, then, that the prob¬ 
lem of acclimatization to life at high alti¬ 
tude is of much theoretical and practical 
interest. For this reason low-pressure 
and low-oxygen chambers have been 
4 Including the various foims of cardiac in 
sufficiency hut not conditions like angina pee- 
tons 



built in England, Denmark, Germany 
and the United States, laboratories have 
been established in Switzerland and Italy 
and special expeditions have gone to the 
Alps, to Pike’s Peak, to Madeira, to the 
Caucasus and to Peru. Physiologists 
have turned mountaineers and have 
made innumerable experiments on them¬ 
selves. These researches have not been 
unfruitful, but they have further empha¬ 
sized the interest of the problems and the 
incompleteness of our knowledge. 5 

In the first place, it is clear that man 
at high altitude needs as much oxygen as 
at sea level and that when he exerts his 
muscles the necessary increase in oxygen 
consumption is about the same in both 
eases. Primary interest has centered in 
the means whereby a normal amount of 

° The history of the earlier work can not be 
summarized here, for an introduction refer to 
Joseph Barcroft, "Lessons from High Alti¬ 
tudes," 3926, Cambridge; A. Loewy, "Physio- 
logie des Hohenklimas," 1932, Berlin; J. 8. 
Haldane, " Respiration, ,, 1935, New Haven. 
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THE 8ALAR HE OLLAGfE 
near the great Salar de Uyuni. Altitude 12,000 feet. 
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oxygen is extracted from an oxygen-poor 
environment and is carried to the tissues 
of the body. A second set of questions 
is concerned with the ability to perform 
physical and mental work at high alti¬ 
tudes. Finally, we ask what differen¬ 
tiates the unacclimatized from the accli¬ 
matized man and what determines the 
extent of acclimatization possible to a 
given man. 

Early in 1984 it was decided to make 
a new and more ambitious attack on 
these problems The earlier work had 
shown that a stay of at least several 
months in the field should be provided 
for if true acclimatization was to be de¬ 
veloped in the members of the expedition 
who were to be the principal experi¬ 
mental subjects. It was agreed that 
really great heights should be attained 
because the phenomena of adjustment 
are most remarkable above 15,000 feet. 
The most hopeful lines of attack seemed 
to be to concentrate on the chemistry of 
the blood and its ability to carry oxygen, 
on the performance of the heart and 
lungs, and on the responses of the body 
to various standard physical and mental 
tasks. 

These considerations guided the or¬ 
ganization of the International High 
Altitude Expedition A relatively large 
party of robust investigators was needed 
to provide the varieties of technical 
knowledge, as well as the number of 
skilled analysts, required for the com¬ 
plex experiments planned. With the 
help of Professors L. J. Henderson, Sir 
Joseph Barcroft and August Krogh the 
personnel of the expedition was enlisted 
from the faculties of the universities of 
Harvard, Copenhagen, Cambridge, 
Duke, Columbia and Chicago; the ten 
men chosen embraced the fields of physi¬ 
ology, biochemistry, zoology, medicine 
and psychology. 6 Financial support was 

0 In addition to the writer, the party consisted 
of: Dig E. 8. Guzman Barion, E. Hohwii Chris¬ 
tensen, David Bruce Dill, M. T Edwards, W. H. 
Forbes, F. G. Hall, Ross A. McFarland, Bryan 
H. C. Matthews, John H. Talbott. 


guaranteed by the universities and vari¬ 
ous research foundations and societies. 7 

Our program called for precise experi¬ 
ments and analytical procedures only 
possible with elaborate apparatus. More¬ 
over, we wished to reduce to a minimum 
extraneous factors of discomfort which 
might tend to confuse our results High 
altitude locations suitable to our needs 
are not numerous and are confined to two 
regions: Central Asia and the Andes of 
South America between about 10° and 
80° S latitude. We finally selected the 
Chilean Andes on the Bolivian frontier 
near the line of the Antofagasta-Bolivia 
Railroad. The region is shown on the 
map (Fig 8). 

A period of some months was occupied 
at the Fatigue Laboratory with assem¬ 
bling equipment and making a thorough 
study of the members of the expedition 
at sea level. The first half of the expe¬ 
dition sailed from New York on March 
22, 1935, arriving at Antofagasta on 
April 7, and proceeding to Calama and 
Chuquicamata the next day. Two weeks 
later Matthews arrived from England 
and the last four members of the expedi¬ 
tion arrived in Chile on May 18. Table 
I shows the itinerary in Chile. 

By the newcomer, breathlessness may 
be scarcely noticed at Calama, but at 
Chuquicamata (9,200 feet) it is much 
more marked, though there is only a dif- 

f The expedition was supported by grants from 
the Fatigue Laboratory and the MiJton Fund, 
Harvard: Duke University; Copenhagen Univer¬ 
sity; King's College, Cambridge University; 
Columbia University; the National Research 
Council; the Royal Society, London; the Corn 
Industries Research Foundation; the Rask- 
0rsted Fund and the Carlsbcrg Foundation, 
Copenhagen; the Josiuh Maey Foundation and 
the American Association for the Advancement 
of Science. We are also much indebted to the 
Chile Exploration Company and its officers in 
New York and in Chile, to Hehores Hipolito and 
Juan Carrasco of the 8. I A. M, Carrasco, to 
Messrs. Packard and Bell, of the Poderosa Min¬ 
ing Company, to the Ferro-Carril de Antofagasta 
a Bolivia,‘and to the many people, officials and 
private citizens who facilitated our work in 
Chile. 



FOOTBALL TEAM FBOM THE SANTA BOSA MINE CAMP (16,400 FEET). 
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TABLE I 

EXPERIMENTAL STATIONS ESTABLISHED Bl' THE INTERNATIONAL IIlOH ALTITUDE EXPEDITION 


Station 


Period of 
occupation 


('onoctcd 

baroiriotiic Altitude 

preKHUre 


mm mercury me I era foot 


diuquicamntn . April 8 to June 4 

OUatflie . June 5 to June 13 and 

June 25 to July 18 
Collahunsi (Monti) .. . June 13 to June 25 

Aucnnquilcha . June 20 ^o July 15 

Punta de rerro . . June 29 to July 14 

Last depmtures from Chile August 17 


543 

2,810 

9,200 

489 

3,000 

12,020 

429 

4.700 

15,140 

401 

5,340 

17,500 

350 

0,140 

20,140 


ferenee of about 1,500 feet in altitude. 
The large physiological effect of rela¬ 
tively small change in altitude is increas¬ 
ingly noticeable above about 7,000 feet 
and could be roughly predicted from the 
known chemical properties of the blood. 

Clmquieamata, the world *s greatest 
copper camp, was to be our base of opera¬ 
tions in the field. The generosity of the 
Chile Exploration Company and the 
friendly helpfulness of the residents 
there not only facilitated our work but 


made us comfortably at home. Our work 
at Chuquieamata was partly concerned 
with organization of our field laboratory 
and preparations for the higher stations 
and partly with experiments and obser¬ 
vations. With the generous help of Mr. 
Arthur lleskett and other officials of the 
railroad, four railway cars were outfitted 
for the field work, a sleeping ear, a 
kitchen car and two laboratories. Our 
gasoline generator provided electric light 
for the laboratory cars and current for 



LLAMA (LEFT) AND VICUNA 

AT CHUqUIOAMATA (9,200 FEET). D*. HALL IS WEARING A CHILEAN INDIAN SHAWL, 
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GOING UP ABOUT 17,000 FEET. 

Note detriti s of severe frost action but absence of erosion 


the centrifuge. Four servants and help¬ 
ers were engaged, who were not dismayed 
at the prospect of “puna, earne duro y 
mucho frio” (mountain sickness, coarse 
food and great cold). 

The altitude has little outward effect 
on the life of the 18,000 inhabitants of 
Chuquicamata. In addition to breath¬ 
lessness, newcomers may suffer from 
mild headache for a day or two and may 
be restless at night, but these effects soon 
disappear. Football and boxing are en¬ 
thusiastically played by the workers, 
while golf, and to a smaller extent volley 
ball and tennis, are popular with the 
staff, which is largely composed of North 
Americans. Both groups frequently 
hold dances where the tempo is by no 
means slow nor does fatigue cause them 
to stop early. 

Both workmen and staff form a perma¬ 
nent population at Chuquicamata, and 


many people there have records of resi¬ 
dence as long as twenty years and more. 
Tito staff members return home for sev¬ 
eral months every few years and make 
fairly frequent visits to the coastal towns 
of Antofagasta and Tocopilla. The 
workmen, however, rarely make visits to 
the lowland. In the case of the staff, the 
loneliness and desolation of the sur¬ 
roundings and lack of diversion are 
probably more compelling reasons than 
altitude for return to the lowland, ix., 
the reasons are more psychological than 
physiological, but it is not improbable 
that the undercurrent physiological 
effects have some bearing on the general 
state of mind. 

At this altitude acclimatization is very 
rapid, most of the adjustment in our 
group being accomplished in less than a 
week, but we could see further improve¬ 
ment for several weeks. Even with com- 
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pi etc acclimatization, however, it must 
be realized that in some respects man is 
definitely physically inferior at this alti¬ 
tude as compared with sea level The 
frequent sight of workmen running home 
a mile or more is impressive chiefly be¬ 
cause it is surprising that they retain so 
large a fraction of their sea-level ability. 
As would be predicted from physiologi¬ 
cal considerations, the effects of altitude 
become prominent in work of great in¬ 
tensity such as can be maintained only 
for a period of some minutes; moderately 
hard work is little more tiring than at 
sea level. Mental and sensory functions 
are not affected H 

Aside from the expected increase in 
concentration of red cells in the blood we 
could find no characteristic results of 
long residence at Chuquicamata. The 
large hospital, which receives cases from 
many miles around, is admirably run and 
keeps excellent records. From consulta¬ 
tions with the chief of the hospital, Dr 
Pablo Schlack, and his assistants it was 
learned that the course and incidence of 
disease is generally similar to the low¬ 
land Not only is the incidence of pneu¬ 
monia not abnormal, but recovery does 
not seem to be hindered by the altitude. 
Infant mortality is lower than in many 
lowland communities in Chile, and ma¬ 
ternal mortality is not high by North 
American and European standards. 

At Chuquicamata we began to assem¬ 
ble our small zoo pf experimental animals 
which, under the watchful eye of Dr. 
Hall, accompanied us later to all except 
the highest camp. As representative low¬ 
land animals we took rabbits, ducks and 
a sheep; for highland animals we had a 
llama, a pair of viscachas (Lagostomus 
species, large rodents native to the An¬ 
des), and the pet of the expedition, a 
tame, half-grown vicuiia (Lama huana - 
chits glama), Later we added a pair of 
Andean geese (“huallatas,” Chloephaga 

8 Tho detailed psychological findings for all 
the stations are being published in the appro¬ 
priate technical journals by Dr, Ross A. McFar¬ 
land. 


melanoptera) and a Bolivian ostrich or 
rhea (Rhea americana). These animals 
were housed in a special section of one of 
the laboratory cars when our train left 
Chuquicamata for Ollagiie on June 5. 

Ollagiie (12,020 feet) is on an arm of 
the great “puna” (high plain) of south¬ 
western Bolivia. Dozens of peaks, 18,000 
to more than 20,000 feet high, cut off the 
horizon in most directions Close to the 
tops of many of these mountains in this 
volcanic region occur great deposits of 
native sulfur, the mining of which car¬ 
ries man to greater heights of permanent 
occupation than anywhere else in the 
world. 

Ollagiie is the center of life for many 
miles around. Its 900 inhabitants are 
mostly of mixed Quechua Indian stock 
who, like their ancestors for untold gen¬ 
erations, have rarely or ever been below 
10,000 feet The Queehuas, with the 
anthropologically distinct Aymaras, who 
are rare in this region, divided the high¬ 
lands between them long before the In¬ 
cas came. Many local customs are still 
preserved, but the influence of the ener¬ 
getic Chileans, who are increasing in 
numbers in this region, is gradually mak¬ 
ing itself felt. 

The broad and glaring plaza of Olla- 
giie is the meeting ground for the rival 
football teams from the nearby mines. 
The games are not very fast by sea-level 
standards, but offer remarkable testi¬ 
mony to the power of acclimatization to 
counteract the paralyzing effect of the 
thin air. One is reminded of the fact 
that polo apparently originated m a not 
dissimilar environment m Baltistan and 
Ladakh, where every village still has its 
polo field. 

At Ollagiie Drs Talbott and Barron 
discovered two cases of “Monger dis¬ 
ease,” a chrome form of mountain sick¬ 
ness recently described by Dr. Carlos 
Monge of Lima, in which the sufferers, 
chiefly adult natives of the highlands, 
complain of a chronic throat irritation, 
loss of appetite, nausea, muscular weak- 
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’QUILCHA MINE CAMP (17,400 FEET). 

Living quarters of the workmen show as a mne in the lower foreground. The light 

COLOR IS MOSTLY SULFUR ORE DUST, MIXED WITH OLD SNOW IN THE UPPER THIRD OF THE 
PHOTOGRAPH. THE MAIN PEAKS ARE TO THE LEFT OF THE PICTURE. 
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ness and pain, dyspnea (panting) and 
feeling of suffocation and anxiety, Such 
persons, like those suffering from acute 
or transient mountain sickness, quickly 
lose all symptoms when brought to a low 
altitude, but at high altitude the condi¬ 
tion is refractory to medical treatment. 

At Ollagiie for a day or two several 
members of the expedition had mMd cases 
of mountain sickness and others slept 
poorly, but laboratory work went on. 
Within a week seven members had 
climbed to more than 18,000 feet on Vol¬ 
cano Ollagiie and two had climbed to the 
top of Aucanquilcha (20,280 feet), 
where we planned to establish an experi¬ 
mental station later. 

From Ollagiie a spur line of the rail¬ 
road winds northward for fifty miles up 
rolling hills to Collahuasi and the Pode- 
rosa and Mifio Grande mines, attaining 
an altitude of 15,650 feet at the summit, 
Punta Alta. 9 Before they were shut 
down in 1930 these mines supported a 
population of several thousand people, 
which probably represented the largest 
population at such extreme altitude of 
which there is record. The usable rail¬ 
road now ends 200 feet lower at Montt, 
where the expedition remained for two 
weeks. This is considerably above the 
highest point at which detailed observa¬ 
tions had been made previously and our 
time was occupied by intensive experi¬ 
mentation. 

Again, several members of the expedi¬ 
tion were incapacitated for a short time, 
but each day brought increasing acclima¬ 
tization. A Sunday excursion with 
Messrs. Packard and Bell, the English 
managers of the property, to the source 
of the Rio Loa at 12,000 feet, was a real 
holiday, including a swimming party in 
a warnv pool and harmonica concerts 
uninterrupted by breathlessness, 10 

® Slightly higher than Ttclio, Peru, often con¬ 
sidered the highest point in the world to which 
rail has been laid. 

10 Later, at 20,140 feet on Auconquilcha, Mat¬ 
thews entertained the writer on the harmonica 
for six nights, eloquent testimony to the power 
of acclimatisation. 


At Collahuasi Mr. Edwards arranged 
a hill climb in which three subjects ex¬ 
erted themselves to the absolute limit. 
He had been studying lactic acid, which 
normally accumulates in the blood when 
one gets out of breath from hard work. 
Many investigators had thought that the 
lactic acid causes or at least is necessarily 
related to the exhaustion of intense exer¬ 
cise. From our experiments on the sta¬ 
tionary bicycle, however, we had been 
surprised to find that with increasing 
altitude there was a relatively decreased 
production of lactic acid in exhausting 
work. These results were confirmed by 
the hill climb and by later climbing and 
bicycle experiments at still higher alti¬ 
tudes. 11 

The expedition train returned to 
Ollagiie, where it was to be the base 
laboratory for the highest work. The 
sketch of Mount Aucanquilcha shows the 
relations between Ollagiie, the ’Quilcha 
Mine camp, the mine and our highest 
camp. From Ollagiie the Carrasco Mine 
Camp, ’Quilcha, can be reached by motor 
cars (with special low gears and cut- 
down cylinder heads) in an hour and a 
half. About 150 people live here at 
17,500 feet, with the distinction of form¬ 
ing what is probably the highest perma¬ 
nent community in the world, and the 
camp merits special attention for this 
reason. The camp stands on a shelf 
several hundred yards wide on the north¬ 
east side of the mountain directly below 
the mine (Fig. 1). Water is carted up 
from lower springs. 

The mine itself is at the extreme height 
of nearly 19,000 feet The ore is brought 
down by a series of aerial tramways. 
The miners, however, go up to and down 
from the mine on foot, the climb being 
made in about an hour and a half and 
the return in about 25 minutes. Worh is 
continuous throughout the year, except 
for brief periods during storms, 

The results and discussion are being pub¬ 
lished by Mr, H. T. Edwards in the American 
Journal of Physiology. 
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MULE BACK AT ’QUILCHA. 
Mules can be ridden to 18,800 feet. 


Mining materials are carried up by 
mules (horses can not stand the alti¬ 
tude), but large pieces of equipment are 
carried on the shoulders of a dozen or 
more men who require an entire day for 
one trip of this sort In general, the 
miners regulate their own working hours 
Usually they start the climb to the mine 
shortly before 8 • 00 a.m and start down 
again towards 4.00 p.m ; the luncheon 
pause is brief. The work at the mine is 
mainly rather heavy manual labor, but 
the tempo is slow. The experienced min¬ 
ers know their capacity and it is rare to 
see acute shortness of breath. 

A number of the miners have their 
families also at 'Quilcha. Stone huts 
provide primitive but effective shelter 
against the bitter wind and cold. The 
life, though hard, is not unbearable, and 
many people have been there for years. 
The labor turnover is high but not so 
high as casual inspection of the figures 
would indicate. Many of the miners quit 


work every six months or so but return 
from below (some of them go down to sea 
level) when their savings are exhausted. 
Among newcomers to the mine there is a 
very high turnover, because many of 
these men (most of them long accustomed 
to life at 12,000 feet) quickly discover 
that they can not become adjusted to the 
higher altitude. High wages bring a 
continual stream of job-seekers. The 
main population at ’Quilcha represents 
a group highly selected with respect to 
their ability to withstand the altitude. 

We were surprised to learn that many 
of the best “old-timers” at the mine are 
Chileans, bom and bred near sea level. 
The Andean peoples are by no means 
immune to “soroche” or “puna,” and 
many lowland people are able to compete 
with them successfully in their own habi¬ 
tat after some months of acclimatization. 

Diversions are few, a visit to OUagiie 
being by long odds the most welcome. 
At 'Quilcha football is played half- 
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heartedly—think of it when you are 
climbing Mt. Blanc, only 15,800 feet!— 
but the real games are held at Ollagiie. 
The chief solace seems to be coca, brought 
in from the Bolivian lowlands. The 
dried leaves are chewed with bits of a 
“biscuit” made from alkaline wood 
ashes. The efficiency of the extraction 
of cocaine from this alkaline* mixture 
must be rather high and the use of as 
much as a pound of dried leaves a day— 
which is not uncommon—represents a 
very considerable amount of the alkaloid. 
The habitues (and abstainers are rare) 
chew these leaves during most of the day 
and ascribe to them their ability to with¬ 
stand not only altitude but cold, hunger 
and fatigue as well. We regretted that 
we had no place in our program for a 
study of this interesting habit, which is 
common to much of the Central Andes. 

Through the great generosity of 
Senores Don Juan and Don Hipolito 
Carrasco we were provided with not only 
transportation service between Ollagiie 
and the mine camp but also the use of 
most of the administration building at 
’Quilcha. 12 

At first only a small group from the 
expedition with a limited amount of ap¬ 
paratus moved up to ’Quilcha, blood 
samples, etc., being sent down to Ollagiie. 
We found, however, that laboratory work 
could be done efficiently at 17,500 feet, 
and eventually the entire expedition, 
experimental animals and all, was settled 
at ’Quilcha. 

Our activities frequently amused the 
miners, but they were very friendly and 
cooperative. We always had plenty of 
volunteer subjects from which to take 
arterial blood and samples of the air in 
the bottom of the lungs (alveolar air). 
When we told them we were going to 
establish a camp at the top of the moun¬ 
tain, above 20,000 feet, they said with 

«We have not forgotten the hospitality of 
Mrs. Carrasco at Oil ague, who kept ns from for¬ 
getting the amenities of civilisation. 


conviction that neither we nor any one 
else could sleep there, let alone live there 
for a week, but they cheerfully shoul¬ 
dered packs and followed us up to help 
make our camp. 

As eventually established, the route to 
the top was both easy and safe, the 
gradient averaging about 35 per cent, 
and nowhere exceeding 55 per cent. The 
climb up was a long hard pull, but blood 
and gas samples could be sent down to 
’Quilcha in only an hour or so. The 
camp consisted of two glacier tents and 
a snow cavern about 7 feet in diameter 
and 5 feet deep, roofed with tent poles 
covered with blankets topped by snow. 
The snow cavern was the principal living 
quarters and, with its twisted tunnel 
entrance, effectually shut out the wind 
which occasionally threatened to destroy 
the tents. This camp was occupied by 
successive pairs of men for periods of a 
week, two days, two days, and a day and 
a night. From all these men samples of 
arterial blood and alveolar air were 
obtained and satisfactorily analyzed. 

It must be remembered that, on the 
whole, our party was very well acclima¬ 
tized and that for the top camp we se¬ 
lected those who seemed best adjusted. 
Even so, we were surprised that life at 
over 20,000 feet can be maintained so 
long with so little serious difficulty. One 
member became gravely ill with “so¬ 
roche” after a day at the top (he recov¬ 
ered quickly when brought down to 
12,000 feet), but otherwise it was by no 
means a case of existing by sheer effort 
of will in a state of physical and mental 
torpor. 

Reports of mountaineers who were un¬ 
able to eat or sleep at this altitude had 
not led us to expect the good appetites 
and restful sleep we experienced. How¬ 
ever, the total food intake was definitely 
subnormal, as was the time spent in 
actual sleep. Because of the cold much 
time whs spent in our sleeping bags, but 
the long waking hours passed restfully. 
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CHOOSING THE WAY CP. 

The peak in the top center is a shoulder op the highest summit op Aucanquilcha. 


Smoking was impossible when doing any 
physical labor, but otherwise was as en¬ 
joyable as at ordinary altitudes and our 
tobacco consumption did not decrease. 

The continuous cold was trying and 
the occasional high winds intensified this 
discomfort. Preparing food consumed 


much time and energy—thawing tinned 
foods in water boiling at 175*. Fahrenheit 
is slow. Gold hands and feet persisted 
except when walking or after some time 
in bed. The body, and especially the 
extremities, is more sensitive to cold at 
high altitude, and at our high camp (in 













CENTRAL SUMMIT RIDGE OP AUCANQUILOHA 
AS SEEN FROM THE SOUTHEAST PEAK (NEAREST OLLAQCK, SEE PHOTOGRAPH ON PAOE 200 ). THE 
ROUNDED SUMMIT AT THE EXTREME RIGHT IS THE HIGHEST POINT ON THE MOUNTAIN ( 20,280 FEET). 
The HIGHEST CAMP (PUNTA DE CERRO) IB ON THE SNOW FIELD JUST BELOW THIS SUMMIT BUT IB 
NOT VISIBLE AT THIS DISTANCE. BETWEEN THE PHOTOGRAPHER AND THE CENTRAL SUMMIT RIDGE 
THERE IS A SNOW-CLAD VALLEY 8.000 FEET DEEP, 


the South American winter) we experi¬ 
enced true arctic cold. Daily maximum 
temperatures were quite constant, aver¬ 
aging 10° P. Minimum temperatures 
were more variable, ranging to as high 
as -7° P. and averaging about -20° P. 
The lowest temperature during our stay 
at the top was - 45° P. 

All members of the expedition lost 
weight during the stay above Chuqui- 
camata in spite of abundant, varied and 
generally not badly cooked food. The 
average weight loss was close to 15 
pounds per man, and one member lost 
26 pounds. A part of this, however, was 
merely dehydration, and most of the lost 
weight was regained in a few weeks at 
more moderate altitudes. Really fat 
people are rare at high altitude, though 
the “chunky” type is common. 


On going down to sea level there is 
little or no feeling of exhilaration, only 
a sense of well-being, enormous appetite 
and readiness to sleep twelve hours on 
end. There is no feeling of “treading 
on air” or of limitless power. The idea 
that the person recently from high alti¬ 
tude is a much better man at sea level 
than the sea-level stay-at-home is prob¬ 
ably entirely erroneous. It must be re¬ 
membered that the adjustment to high 
altitude involves much more than mere 
increased efficiency in breathing and in 
transporting oxygen. Por example, the 
respiratory centers in the brain which 
control the rate of breathing may have 
altered in sensitivity and>the new sensi¬ 
tivity, nicely adjusted for the high alti¬ 
tude condition, may be ill-suited for sea 
level. Again, we found that the carbon- 
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dioxide capacity of the blood is greatly 
diminished in the acclimatized person at 
high altitude. This is an admirable ar¬ 
rangement at high altitude where carbon 
dioxide elimination tends to outrun the 
ability of the body to take up oxygen, 
but it would be rather a hindrance at 
sea level. 

The detailed results of the expedition 
are being published in the technical 
journals by the various members of the 
expedition. It is not intended to at¬ 
tempt a r&mm£ here; as a matter of 
fact, at the time of writing not all the 
data have been analyzed fully and it 
will be some time before the last of the 
papers resulting from the expedition are 
published. However, a few high lights 
may be given in addition to the points 
already not^d. 

As a preliminary, it is necessary to 
review some of the known facts about 
respiral ion at ordinary altitudes. When 
air is drawn into the lungs it comes into 
close contact with the blood. The oxygen 
pressure in the air is considerably more 
than in the venous blood and the blood 
tends to take up oxygen from it. The 
arterial blood leaving the lungs has an 
oxygen pressure in it not much less than 
the oxygen pressure in the air in the 
bottom of the lungs (alveolar air). Only 
a part of the oxygen in the lungs is 
absorbed, however, and the amount of 
oxygen taken up by the blood is depen¬ 
dent upon the oxygen pressure and the 
amount of hemoglobin in the blood. 
This hemoglobin, the colored matter of 
the red cells, unites with oxygen and so 
enables normal blood to carry about 50 
times as much oxygen as ordinary salt 
solution. But at sea-level air pressure 
the hemoglobin becomes * ‘ saturated ’ ’ and 
will take up no more oxygen. Accord¬ 
ingly, at or near sea level, normal arterial 
blood from the lungs is always nearly (95 
t6 96 per cent.) “saturated” with oxy¬ 
gen and carries its full quota to the tis¬ 
sues of the body. At low air (and oxy¬ 


gen) pressure, however, the hemoglobin 
will be only partly saturated and the 
blood will be deficient in oxygen. 

The late Professor J. 8. Haldane had 
suggested that at high altitude the cells 
of the lungs somehow “learn” to secrete 
oxygen into the blood. According to this 
theory, the pressure of oxygen in the 
arterial blood of an acclimatized man at 
high altitude should be higher than the 
pressure of oxygen in the air at the bot¬ 
tom of the lungs This theory had been 
denied by many, notably Professor 
August Krogh in Denmark and Professor 
Sir Joseph Barcroft in England, but the 
Oxford school could always retort that 
the subjects were either not acclimatized 
or that the experiments were at too low 
an altitude. 

We made very careful measurements 
of the oxygen pressure at the same time 
in the arterial blood and in the lungs, 
both in ourselves and in the residents at 
all altitudes. In no case did we find any 
support for Haldane’s theory; the same 
process of simple diffusion in the lungs 
as at sea level could account for all our 
results. 18 

The acidity of the blood does not affect 
its total oxygen capacity, that is to say, 
the total amount of oxygen taken up by 
the blood is not affected by the acidity so 
long as the oxygen pressure is high 
enough, as it always is at sea level. How¬ 
ever, when the oxygen pressure is low, 
the blood is more nearly saturated if the 
blood is relatively alkaline. 14 Sir Joseph 
Barcroft pointed out that at high alti¬ 
tude the blood should be more alkaline 
than at sea level and so should be less 
unsaturated than would he predicted 
otherwise. The argument for this change 
in alkalinity is, in brief: The acidity of 
the blood is controlled chiefly by the 

58 These results were published in the Ameri¬ 
can Journal of Physiology by Bra. D, B. Dill, 
E. H. Christensen and H. T. Edwards. 

i*Eating or drinking alkaline “tanks” or 
so-called ** alkalising ’ ’ foods will give little 
effect and less benefit in this respect. 
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PREPARING THE HIGHEST CAMP. 

Matthews bests a bit 



f 


THE HIGHEST CAMP COMPETED, 

The entrance to the snow cavern at the left of the tents is marked by the ice axe. 

Southeast Peak in the background. 
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amount of carbonic acid (or carbon di¬ 
oxide) in the blood. This carbonic acid 
is being produced all the time by the 
body cells and is being removed in the 
lungs where a part of the carbon dioxide 
diffuses into the air. When breathing is 
increased, more air circulates in the 
lungs, a larger fraction of the carbon 
dioxide is removed and the blood becomes 
less acid (or more alkaline). Now at 
high altitude, the breathing is much in¬ 


changes in acidity were large except in 
several men who acclimatized badly. In 
the miners the blood acidity was the 
same as at sea level The reason is not 
that the basis of Barcroft’s argument is 
wrong, but that, at high altitude, the 
blood changes in other ways so that only 
a small amount of carbon dioxide is 
enough to make the blood relatively acid. 
This is another example of the efficiency 
of the body m tending to keep the acidity 



DR. TALBOTT TAKES A SAMPLE OF ARTERIAL BLOOD FROM THE WRITER AT 

20,140 FEET * 


creased, and since the production of 
carbon dioxide is the same as at sea level 
(i.e,, the metabolism is not changed), the 
carbon dioxide ought to be removed more 
completely in the lungs and the blood 
should be more alkaline. 

We found that, to some extent, this is 
true Our own blood became increas¬ 
ingly alkaline up to 12,000 feet, but 
above that level there was either no 
further change or a return to more nor¬ 
mal acidity. 118 However, none of the 
The studies on blood acidity are being pub 
lisbed by Dr. W. H. Forbes, the writer and Dr. 
F. a. Hall. 


of the blood constant under all condi¬ 
tions. 

Barcroft had further proposed that the 
fundamental affinity (at constant acid¬ 
ity) of hemoglobin for oxygen is in¬ 
creased in the acclimatized man. In 
other words, though the total amount of 
oxygen which hemoglobin can hold at 
high pressure is always the same, Bar¬ 
croft suggested that the hemoglobin from 
the mountain dweller may unite with 
oxygen more readily than sea-level 
hemoglobin. 

We measured this fundamental affinity 
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of hemoglobin for oxygen in all our 
bloods at sea level and at every station, 
including the top camp at 20,000 feet. 
In addition, we made similar measure¬ 
ments with the blood of three residents 
at Ollagiie and of eight of the miners 
at ’Quileha. All these results disagreed 
with Barcroft’s theory. At the lower 
stations, Chuquieamata and Ollagiie, 
there was no change in the basic affinity 
of our hemoglobin for oxygen and the 
affinity was apparently normal in the 
miners At the higher stations there was 
a slight decrease in the basic affinity of 
our hemoglobin for oxygen. This was 
partly offset by the slight alkalinity of 
our blond, so that the net result was to 
make our blood have about the same 
amount of oxygen as would be predicted 
for blood brought directly from sea 
level. 1 " 

The consideration which impelled both 
Haldane and Barcroft to advance their 
theories was the realization that other¬ 
wise it would be necessary to admit that 
at high altitude the arterial blood, even 
of acclimatized men, must be greatly 
unsaturated with oxygen. And hospital 
experience had shown that when the 
arterial blood is greatly unsaturated the 
patient is very sick indeed. However, we 
found that both our arterial blood and 
that of the miners was greatly unsatu¬ 
rated and to about the same extent in 
both groups at ’Quileha. At the highest 
camp our arterial blood averaged only 66 
per cent, in arterial saturation, yet as 
already recorded, we felt well, able to do 
moderately hard work and even, or so we 
believed, able to think straight. 

Many mountain-climbing parties pre¬ 
viously had found that the concentration 
of red cells in the blood is increased at 
high altitude and that the increase is 
roughly proportional to the altitude. 
This thickening of the blood was very 
evident in our party, and we found, in 

i# Cf. Keys, Hall and Barron, in the American 
Journal of Physiology t 115 s 292-307. 


addition, that the oxygen capacity (the 
total amount of oxygen held by the blood 
when fully saturated) increases in pre¬ 
cisely the same proportion as the number 
of red cells. 17 The oxygen capacity of 
the miners’ bloods at ’Quileha was more 
than 50 per cent, above the average for 
sea level. Our own bloods increased on 
the average 25 per cent. These high 
oxygen capacities would be enough to 
overcome the handicap of our low ar¬ 
terial saturations if all the oxygen could 
be given up to the tissues. However, the 
venous blood always carries some oxygen 
back to the lungs and the tissues ordinar¬ 
ily suffer if they have to use oxygen at 
very low pressure. It may be that much 
of the acclimatization to high altitude 
consists in the habituation of the tissues 
to live, not on less oxygen, but on oxygen 
at a lower pressure. 

In any case, the oxygen delivered to 
the tissues depends on the rate at which 
the blood is pumped around the body as 
well as on the amount of oxygen in the 
blood at any one time. The attempt of 
the body to make some adjustment along 
these lines accounts for the fact that 
when a sudden ascent is made the heart 
rate is increased even in resting people. 
In the acclimatized person, however, the 
simple expedient of pumping faster is 
not resorted to except in response to 
work. Our own pulse rates in rest did 
not increase except in those suffering 
from mountain sickness, and in several 
of those best acclimatized the pulse rate 
was actually slower than at sea level. 
The miners at ’Quileha had considerably 
slower pulses than comparable men at 
sea level. This is fortunate, since at high 
altitude the heart is already under some 
strain from the job of pumping un* 
usually thick and viscous blood. How¬ 
ever, at high altitude, relatively mild ex¬ 
ercise brings about an increase in pulse 
rate like heavy work at sea level, and 
it The studies on blood morphology are being 
published by Dr. J. H. Talbott. 
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most of the long-time residents at 
’Quileha show some degree of heart dila¬ 
tation similar to that seen in athletes. 18 

The appetite is apt to be capricious at 
high altitude, but sweet foods, chocolate 
and jams are often relished. The blood 
sugar sometimes may be a little high and 
dextrose seems to be rapidly absorbed; 
this is in agreement with the subjective 
observations of mountaineers and gives 
point to the decision of the present Ever¬ 
est Expedition to take along a supply of 
dextrose. 18 

The study of the high altitude animals 
was of much interest, though we could 
only scratch the surface of this fascinat¬ 
ing field. 20 These animals, llama, vicuna, 
etc., did not have a very great amount of 
hemoglobin in their bloods, but we found 
that there is an unusually great affinity 
of their hemoglobins for oxygen, and the 
oxygen saturation of their arterial bloods 
generally surpassed our own. On the 
other hand, we were generally superior 
to lowland animals like the sheep and 
rabbit. Barcroft’s theory works when 
comparing different types of animals if 
not for explaining acclimatization in 
man. 

One may ask what are the limits to 
life at high altitude. The highest peak 
yet climbed is Kamet (in India, 25,400 
feet), but at least six men have sur¬ 
passed 28,000 feet on Everest. Apart 
from the sheer climbing difficulties, it is 
probable that Everest could be climbed 
without extra oxygen, but that altitude 
(29,140 feet) must be close to the abso- 

The heart studies are being published by 
Mr. Bryan H, C. Matthews. 

The studies on sugar metabolism are being 
published by Dr. W. H, Forbes. 

so These results are being published by Dr. 
F. O. Hall and Dr. D. B. Dill. 


lute limit. Birds have been seen in the 
Himalayas as high as 26,000 feet but, in 
general, animals do not go above the level 
where food may be found except when 
they are pursued. The highest culti¬ 
vated land seems to be 15,200 feet at 
Korzok in Little Tibet, but sparse graz¬ 
ing may extend up another thousand 
feet. Lichens are found higher than any 
other types of plants and we found many 
small patches at 20,000 feet. 

The limits for semi-permanent human 
populations may be gauged from the 
’Quilcha camp. At ’Quilcha the attempt 
was made to put the camp closer to the 
mine. For more than six months a camp 
was maintained at 18,500 feet, but even 
thesei Jpghly selected people were beaten 
down. They had suffered from increas¬ 
ingly persistent headache and sleepless¬ 
ness, and now they make the exhausting 
climb to the mine daily with no thought 
of moving their camp higher. 

It must be clear that there is still much 
to be done on the problems of life at high 
altitude. Many false trails have been 
eliminated and much positive knowledge 
has been gained, but such questions as 
the role of the body tissues and the activ¬ 
ity of the respiratory centers in the brain 
are almost entirely unanswered. Again, 
we know next to nothing about the dis¬ 
tribution and rate of flow of the blood in 
various parts of the body. We can say 
that generally the man best fitted to go 
to high altitude is strong, active and 
young, with a large lung capacity and a 
rather slow resting pulse rate at sea level. 
But we can not say precisely what deter¬ 
mines that one man will be mountain- 
sick, while his fellow literally feels “on 
top of the world/ * Many of us will not 
rest content until we can return better 
answers to these questions. 
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From the village of Oxoum we looked 
over to the northwest at some rather 
steep hills, the upper slope of which 
seemed to be covered with heavy forests, 
while on the lower slopes there were 

> In the previous section I mentioned Raven's 
indefatigable hunt for gorillas in the forests 
near Ozoum in the Yaounde region and later 
at Vimeh and other localities, all in the French 
Cameroon^. Raven's own story of his adven¬ 
tures, based upon his very full diary and sub¬ 
sequently dictated records, will now be given. 
—W. K Gregory. 


alternate patches of second growth and 
native gardens. 

Probably no people are more expert in 
sending and receiving messages by drum 
than are these West Africans, and drums 
are to be heard at almost any time of the 
day or night. After considerable discus¬ 
sion with the head-man of Ozoum, Mar¬ 
tin Atangana, it was decided that he 
should send out word to all the neighbor¬ 
ing hamlets, of which there were a num¬ 
ber generally distributed on the lower 
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slopes of the range of hills to the north 
and northeast of his village. He was to 
send word that should gorillas be heard 
or seen he was to be notified immediately, 
because in his village was a white man 
who wished to shoot them and who 
would come to hunt them as soon as they 
were reported. 

On the morning of November-16, 1929, 
by which time I had already begun to 


was a dense second growth, while on the 
right there was high grass and plan* 
tains. I had with me one man. 

As we walked quietly along the path 
for 50 yards we could hear not a sound, 
but suddenly there was the distinct and 
characteristic noise made by a gorilla 
when breaking down a plantain or 
banana plant, a sound very much like 
that which might be made by tearing to 
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i 

i 
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A SUNDAY DISH—DRIED BEETLE LARVAE. 

feel impatient, a drum reported the pres- pieces a head of cabbage. We then went 
ence of gorillas at a place called Ongke, on very quietly and could hear the same 
several miles away. With Martin and a sort of noise in the second growth on the 
few carriers I left Ozoum at 10 a. m. left and among the plantains and grass 
When we reached Ongke I was told that on the right, while in the mud of the 
the gorillas were right over among the path we clearly saw the knuckle-marks 
plantains. I stepped over the bamboo made by gorillas, 
fence and walked down the slippery in- We waited a few minutes, hoping that 
cline, for the ground was red clay and it the animals might cross the path one 
had been raining. I followed the path way or the other; though when they did 
down toward a brook. On my left there not we started after them and found 
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ahead and to the right. We got quite 
close to him because the vegetation was 
very wet and we were able to go quietly. 
However, he discovered our presence 
and we knew that we were discovered, 
for he remained absolutely still for sev¬ 
eral minutes. Then when we tried to 
advance he screamed and rushed at us, 
though we could not seem him. He 



OOBILLA DOGS. 


that they were moving away. I then 
thought it would be easier and less likely 
to scare them away if we walked in the 
brook. However we had gone only a few 
yards when we came to a place where 
gorillas had crossed the brook. We 
thought they could not be far because 
there had been no signs of alarm, such as 
slapping the hands or beating the breast 
or both. 

We found a little trail on the far side 
of the brook, leading up hill. Most of 
the gorillas seemed to have gone to the 
left of this path, but We could hear one 
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YOUNG GOBILLA THAT HAD BEEN CAUGHT IN A SNABE. 


stopped perhaps fifteen yards from us 
and then went quietly away. 

We followed as quietly as we could. 
Twice more he stamped and came for¬ 
ward, then continued for more than a 
mile, while we followed. One time I 
caught a glimpse of him in the gloom 
under the enormous lianas near the 
trunks of big trees. 


Perhaps I should have fired, but I 
waited, hoping to get a better shot. But 
we saw no more of him. He went away 
more quickly than we could follow, and 
we lost the trail when he reached a rocky 
place at the headwaters of a tiny brook. 
He had led us right over into primeval 
forest and then had eluded us, which he 
could not have done in the grass and 








IN QUEST OF GORILLA* 


01< 


second growth of the type near the clear 
ings. 

We waded around all the rest of th ■ 
day, trying to catch up again with thi i 
or another group of gorillas but withou 
success I returned to the clearing am 
learned that some of that same group o ' 
gorillas had been eating sugar-cane whil 1 
we were following the single one. I ha< 
a look at the cane, and were it not fo ■ 
the great strength exhibited in breakni]: 
the canes and the fact that the canes ha< 


Having failed to get the gorilla, 
decided to sleep at Ongke, so sent a bo: 
back to Ozourn to get my bed-roll. A 
he had not returned when I was readj 
to go to bed, I lay down to sleep in i 
little hut, the head-man Martin on on 
side of the fire and I on the other. W< 
slept on beds consisting of a series o 
poles like a corrugated iron roof, mad< 
of the stems of palm leaves, hard anc 
smooth and round. These beds hav< 
raised cross-nieces at the head and foot 



ON THE WAY TO DJAPOSTEN 


been torn open by strong teeth where a 
man would have used a knife, one might 
have thought that it had been eaten by 
humans, for the fibrous inner parts had 
been chewed to extract the juice and the 
pressed parts had then dropped on the 
ground. Some of the strong-jawed 
blacks perhaps could have torn open 
sugar-cane with their teeth, but when 
the gorillas do it the marks of the big 
canine teeth are distinctive. 


He slept with apparent comfort, but I 
was not accustomed to that kind of head¬ 
rest or foot-rest. The smoke was not 
so bad when one was lying down, but it 
was dense, for the door was closed and 
there was no chimney. It had to seep 
out through the palm mats, which had 
been blackened by it until they were like 
lacquer. 

The following day we took a half- 
dozen natives and went over a consider- 
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Able area but found no fresh traces of 
gorilla. That night we ended up at a 
little village between Ongke and Ozoum. 
Here the head-man’s name was Benedict, 
which, according to the custom, was also 
the name of the village. As I had not 
expected to be away from Ozoum over 
night, I had brought no food, but it was 
only about an hour’s walk to Ozoum and 
I sent a boy to bring food from there 


of squash seeds dried, peeled and ground 
on stone, then wrapped in leaves and 
boiled. I was told that there was meat 
inside the mixture. It had been seasoned 
with very hot peppers, which was very 
much to my liking. We were sitting and 
eating in the dark, but I found a piece 
of dried meat about as big around as my 
finger and a couple of inches long in the 
ngwan and asked Martin: ‘ ‘ What kind 



TYPICAL CAMEROON ROAD. 


The food did not come, the natives had 
already had their vesper service in the 
little chapel and it was dark. One of the 
women of Benedict’s household brought 
food for Chief Martin and me. There 
were boiled yams about the size of a 
very large potato, a pure white starchy 
food, good tasting and of firm texture. 
Then there was a dish entirely new to me 
that was called ngwan and which I liked 
very much. It consisted of the kernels 


meat live 2 for inside?” He replied: 
“Dem good chop; white man he chop 
’em.” After eating two or three more 
pieces T examined one carefully by the 
fire and discovered that they were enor¬ 
mous beetle larvae which had been so 
thoroughly dried as to be almost tasteless 
except for a kind of smoky flavor. On 
another flight I was delighted to find 

a In t( Pidgin * 9 the verb * i live 9 9 Aoeu duty 
for the verb “ to be. M 







IN QUEST OF GORILLAS 


319 



PLANTAIN EATER. 



a AND b GABOON VIPEljt, 







THE SCTENTTFIC MONTHLY 



AN ANCIENT WEAPON, THE CROSHHOW. 















IN QUS$T OF OOBILLAS 


small prawns cooked in the ngwam. They 
were delicious, and many times later I 
especially aaked the natives to prepare 
squash seeds with prawns. 

I returned to Ozoum on the morning 
of November 19, having spent two days 
and nights at Benedict hunting with the 
head-man. I waited again at Ozoum 
until the morning of the 21st, and hav¬ 
ing received no reports of gorillas we 
started out along a different trail to¬ 
ward the north, parallel with the range 
of hills. Part of the time it was raining. 
We passed through several little villages. 

At one of these we waited while a man 
supposed to be a very good hunter was 
sent for. Martin told me that this man 
had dogs and had hunted gorillas. How¬ 
ever, when he Anally came in he proved 
to be an old grizzled Negro with loose 
skin about his knees and a pair of typical 
yellow dogs with up-standing ears. To 
the neck of one was attached a large 
wooden bell. These dogs, like all true 
native dogs, never bark while they are 
hunting, consequently these wooden bells 
are used to indicate their whereabouts. 
One of the dogs had his tail cut off, like 
a fox terrier. I was told that this was 
to prevent the gorilla from grabbing him 
by the tail. 

Later on the same morning we stopped 
at Englebird’s village, a picturesque 
place which sloped toward a stream on 
the west, from which rose steep hills. 
The rain made each separate hill and ra¬ 
vine stand out in relief most beautifully. 

It was late in the afternoon when we 
arrived high up in these hills in the midst 
of a forest in which there was a hut in 
a small clearing. The owner of the hut 
pointed out to me a place only a few 
yards away from the hut, where gorillas 
had come a few days before. At dusk 
wa heard chimpanzees calling in two or 
three directions, as the mist settled down 
over the hill*. I passed a cold and 
smoky night in the hut, the natives 
sleeping on the other aide of a partition. 


At dawn a conple of natives were sent 
ont in different directions but returned 
after about two hours saying that they 
had seen no traces of gorillas. However, 
a woman who had come in on a trail in 
another direction, said that gorillas were 
further down on the western slope of the 
hills and we started off in that direction. 

At nine o’clock we reached a little 
village called Tjambolo. We stayed here 
from the 22nd until the morning of the 
26th. The day of our arrival we saw 
many places where gorillas had been feed¬ 
ing, where they had Blept and other signs 
of their presence. On one or two occa¬ 
sions I could even smell them. Here for 
the first time I heard mention of gorillas 
talking at night. One morning natives 
that lived at the base of the hills told us 
that gorillas had slept very close to their 
huts, for they heard them talking in the 
night, and that the gorillas were prob¬ 
ably still there or feeding close by. I 
went down into the swamp, a place 
where it was very difficult to hunt be¬ 
cause the sun in the middle of the day 
reached through to the vegetation and 
small sticks cracked when one stepped on 
them. However, we got very close to 
the gorillas and could hear them right in 
among the plantains and bananas. We 
could hear their stomachs rumble and 
see the vegetation move on several occa¬ 
sions. I waa once or twice within Afteen 
or twenty yards of gorillas and caught 
a glimpse of part of an arm and once a 
perfect view of a whole gorilla but not 
for long enough to be able to shoot. 

After being dose to them for perhaps 
an hour, we maneuvered around across 
the small stream in the direction in 
which they appeared to he moving. 
There two natives were detailed to go 
back and follow in their tracks very 
slowly. It was these natives that the 
gorillas saw, and they bolted across the 
stream and away into the forest, split¬ 
ting up into at least three groups. I had 
glimpses of several gorillas and a perfect 
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view of one on the bare stream bank, as 
they were about to cross the stream, but 
there was no opportunity to fire a deci¬ 
sive shot. We spent the rest of the day 
trailing them, finally stopping high on 
the side of the hill where there was a 
granite ledge that the natives thought 
the gorillas would surely pass; but as 
usual, they apparently chose -another 
route. While we were hiding by this 
ledge a beautiful dark brown Herpestes, 
a large variety of mongoose, came run¬ 
ning along within a few feet of me. I 
went back to the village, shortly before 
Bunset. 

During several days at Tjambolo we 
followed gorillas after finding where 
they had slept, came close enough to 
hear them feeding but caught no more 
than glimpses of them, more often only 
the waving of grass and vines above. 
Here they were eating the fruit of the 
Aframomum, elephant-grass, bananas, 
plantains and some small yellow fruit. 
In some of the deserted clearings we 
came upon beautiful orange trees laden 
with ripe fruit and much fallen fruit on 
the ground. When we found such a tree 
we always stopped for a feast on the 
fruit, but gorillas seemed never to have 
eaten any of it, although they passed 
near by. In many cases we saw where 
they had eaten sugar-cane. Aframomum 
plants were generally distributed in the 
district, but I seldom saw much fruit in 
any one spot. In this neighborhood the 
gorilla feces always contained the black 
seeds of the Aframomum. 

Later we followed a forest trail which 
finally led us to Ongke, and then we 
went on to Benedict. This completed 
our circuit of the hills in the vicinity of 
Ozoum. During this time we saw a place 
where gorillas had been feeding the day 
before. They had pushed over banana 
plants and torn them apart in order to 
get at the center of the plant. Another 
time I saw the broken stem of a Mutanga 
tree, three inches in diameter, broken off 


short by a large gorillA apparently in 
play. This broken tree gave an indica¬ 
tion of the gorilla’s prodigious strength. 

In one place we saw leopard tracks and 
bits of hair and blood of a small animal 
which the leopard had overtaken. 

On another occasion I saw a native 
“call” an antelope. He held his nose 
with his fingers and called “Ngwa-ngwa- 
nngw-a-a-a,” each time louder than be¬ 
fore. In a few minutes out bounded a 
tiny antelope, which I shot. It was 
about as high as a fox terrier, one of the 
smallest of living hoofed animals. 

While we were on the way back to¬ 
ward Benedict we heard a drum beating. 
In a minute or so the regular boom- 
boom-boom-boom signified the end of the 
message. There was a little pause, and 
the whole thing was repeated. Martin 
turned to me and said, “Gorilla live for 
Benedict,” so we hurried on. We left 
the stream and went up a long incline. 
As I walked there were more drum mes¬ 
sages and Martin said, “They are say¬ 
ing to come quick because the go¬ 
rillas are there. One gorilla is in Bene¬ 
dict; he is dead. Other gorillas are 
angry and are staying near by.” 

We walked as quickly as we could, 
and when we reached Benedict we found 
that the place of the gorillas was about 
three quarters of a mile away. When I 
arrived at this locality there were a 
dozen or more natives armed with spears 
and knives. They said, “The gorillas 
are right here. ’ ’ They showed me where 
there was a great deal of elephant grass 
where one of the natives had had a snare 
set for wild pigs. His hut was less than 
100 yards away. He had just come out 
of his hut at dawn and waa talking with 
Benedict when they heard a young go¬ 
rilla scream. The man immediately re¬ 
alized that the young gorilla was in the 
direction of the pig-snare and perhaps 
was caught in it. They ran in that 
direction* There was the little gorilla 
with the snare drawn tight around his 
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wrist, of course crying, and a big male 
gorilla trying to bite through the snare. 
There were other gorillas near by. As 
the men drew near and threw a spear, all 
the gorillas drew away and threatened 
the natives from the security of the 
dense underbrush. At first 1 was told 
that they had speared a large gorilla, 
but upon further inquiry I decided that 
they had thrown spears at him but did 
not know whether he had been hit. As 
they approached the little gorilla the na¬ 
tives were very much excited. The go¬ 
rilla was screaming, and when the man 
went close it grabbed his spear. He im¬ 
mediately struck it with his machete, 
cutting off its hand. He said his only 
thought was to make it keep still so that 
the others would not come after it. He 
then struck it on the side of the head and 
speared it in the chest, killing it in¬ 
stantly. We followed this group of go¬ 
rillas for some distance and spent until 
the middle of the afternoon trying to 
come up with them. However, they were 
thoroughly alarmed and went a long dis¬ 
tance over the hills. Upon returning to 
Benedict I bought the head of the little 
gorilla from the natives when they had 
dismembered it. They ate all parts of 
the animal, including all the viscera. 
These people were very keen to get any 
kind of meat. I believe most of them 
got a meal of meat no oftener than two 
or three times a week. 

I returned to Ozoum, where I found 
that Drs. Gregory and McGregor had 
had an interesting time photographing 
and making sketches of the natives in 
and about the village. The head-man 
Martin wanted us to see a French official 
in Yaounde and get him to order a na¬ 
tive ehief, who he said had many people, 
to combine and make a drive to hunt the 
gorillas and drive them up into trees. 
He said we could easily kill all of them. 
Of course my object was not mass kill¬ 
ing and I would not consent to this. 


I felt that there must be other districts 
in the Cameroon where they were more 
abundant. We therefore decided to re¬ 
turn to Yaounde and go off in some 
other direction. In Yaound4 one of the 
French officials told us that he had re¬ 
cently been at Vimeli and that the chef 
de poste there had a very good pisteur 
and that gorillas were plentiful. We 
decided to take his advice, hired a cam¬ 
ion from an English firm and left for 
Vimeli with our camp equipment and 
our three black boys. 

The chef de poste, M.* Juillot was a 
very young man who was much inter¬ 
ested in animals and had many pets, in¬ 
cluding dogs, cats, a parrot, a mongoose 
and best of all a baby gorilla. He very 
kindly invited us to occupy part of his 
large house. He called his hunter for 
me and got me a police boy and three 
or four porters. His police boy was to 
supply me with porters in any village I 
might visit. 

We walked a few kilometers back 
along a motor road toward Yaounde 
and for several miles over a trail that 
went off to the right. We passed some 
little villages and cocoa plantations as 
well as native gardens of plantains, ba¬ 
nanas, caladium and cassava, corn and 
peanuts. We then got into country 
where there was more forest and more 
rolling ground and where there were a 
number of little streams and some for¬ 
ested swamps. 

On several occasions we heard the 
swish of branches and hoped that we 
might come upon gorillas or chimpan¬ 
zees feeding up in the trees. We would 
listen and walk quietly, but each time 
we would either see or hear sounds 
which we knew were caused by mon¬ 
keys, not gorillas nor chimpanzees. We 
saw three or four varieties of monkeys, 
all of the genus Lasiopyga and all of 
them very beautiful. 

In one of the swamps crossed by the 
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trail we saw fresh footprints and 
knuckle-marks of the gorillas, which we 
followed. We followed gorillas by 
sound for two or three hours and then 
got into a patch of forest where the 
ground was drier and harder than in 
the lowlands and where the trailing 
was much more difficult. We heard 
grunts and saw the motion of the vege¬ 
tation and would go stealthily forward; 
then over in quite another direction 
we would hear more sounds. 

The hunter that I had with me was 
a wiry, hard-faced, black Negro, who 
seemed to take delight in ordering the 
two other Negroes about, gruffly telling 
them to scout here or there, right or 
left. It seemed to annoy these native 
trackers very much that we could not 
keep on the trail of the gorilla, but this 
was very difficult to do in the middle of 
the day when the ground had got drier 
and we could not see the footprints and 
knuckle-marks, but only an occasional 
broken twig. On several occasions we 
heard noises in different directions. 

After shifting back and forth several 
times we heard a noise close by and were 
going stealthily, expecting to meet 
gorillas at any moment. Suddenly 
a hunter ahead turned and said, 

‘ ‘ Schwein! ’ ’ and asked me if I wished to 
shoot one. I replied that I did not 
want to shoot and he then begged to be 
allowed to do so. This native hunter 
had an old French rifle. I said, “All 
right. Go ahead 1” and he carefully in¬ 
spected his rifle. There were several 
red river hogs ( Potamachoerus ) in the 
group, beautiful animals with long tes- 
selated ears and quite long tails. Out 
of curiosity I followed just behind the 
boy as he went up-wind to shoot. He 
made use of a fallen tree as cover. 
There were perhaps a dozen animals, 
mostly just standing still, switching 
their tails and flapping their ears. The 
boy went up until he was within less than 
fifteen yards of the nearest a nimal , 


which was a big one. Then he deliber¬ 
ately put up his rifle as he was kneeling 
and fired. There was a cloud of smoke 
and a great booming noise from the gun, 
such as I had not heard since I used to 
shoot black powder shotgun shells as a 
boy. I got a glimpse of a couple of the 
pigs as they ran away, trotting rapidly 
for a few steps, then hesitating and then 
going forward again. When the smoke 
rose we went to find the animal that had 
been shot at, but there was no sign of it. 
I could hardly believe that any one could 
miss a broadside at fifteen yards. There 
was not a drop of blood or a sign of a 
wounded animal. Later I learned that 
most of the black hunters that I met in 
the Cameroon were just about as good 
shots as this boy, notwithstanding that 
they all had charms which they carried 
in their belts or pockets to guide them 
aright. 

Most of the forest here was thick. We 
had been walking from early morning. 
I was getting rather tired, and the boys 
had lost much of their enthusiasm for 
tracking. After our encounter with the 
swine we had been winding back and 
forth through the forest; it was cloudy 
much of the time and I had not kept 
track of our direction with the compass. 
It was impossible to tell where we were, 
and the natives did not seem to know. 

It was about three or four o’clock when 
the natives suddenly stopped and turned 
partly around. I had heard nothing, 
but they claimed they had heard a go¬ 
rilla bark. They said it was some dis¬ 
tance away, but that unmistakably it 
was a gorilla, so we immediately set off 
in that direction. In perhaps a half 
hour we came* upon very fresh signs of 
gorilla and a few minutes later I saw the 
bushes move. Here the forest was 
heavy, but still there was more under¬ 
brush than usual in heavy forests. The 
gorillas were in a group and quite dose 
to cover." Suddenly a half-grown one 
walked right out into plain view and 
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then I got a glimpse of a very large one. 
Just as I raised my gun it stepped be¬ 
hind a tree. I could not see where it 
came out. Then there was another, ap¬ 
parently a large one, moving just behind 
some saplings and brush and there were 
still others. One was huge and once 
when it looked in my direction for a 
fraction of a second the coloring of its 
face and the hair of its head were remi¬ 
niscent of a gigantic drill. 

There were two or three big trees in 
such a position that the gorillas, the big 
male and the young one which had passed 
from my view, could come within a very 
few feet of me without being seen again, 
so I was alternately watching straight 
ahead where the group was and to the 
right to see when the big fellow would 
come from behind the tree. I saw one 
that had been moving a sapling fairly 
distinctly, but when it moved it was in 
the shade and hard to see. However I 
fired with a solid metal-patched bullet. 
There was an outcry and they all fled, 
the enormous male bringing up the rear. 
We quickly went in the direction I had 
fired, and I expected to see the animal 
stone dead. Instead there was blood. 

We followed the trail of the feces, 
which are always abundant after any 
sudden disturbance. It was very excit¬ 
ing as we went along finding here and 
there a drop of blood and expecting to 
come upon a fallen gorilla. Sometimes 
the boys would hand me a leaf with a 
drop of blood the size of a pinhead and 
we would know we were on the trail of 
the wounded animal. Once this animal 
stopped and wiped the blood off on the 
leaves, and thereafter for some distance 
the trail was very difficult to follow. But 
with myself and the three boys scouting 
along, sometimes together, sometimes 
several yards apart, we were able to 
keep the trail very well, though we went 
very slowly. At about 5 o’clock in the 
afternoon we came upon a place where 
there were about a dozen gorilla beds. 


The group we were following passed 
right on over these. 

The natives complained that we had 
better try to find our way out of the 
forest, as it was beginning to get dark 
and they did not know in which direc¬ 
tion to go to find a trail. However, after 
passing these gorilla beds we had gone 
perhaps a half-mile when we came upon 
a well-defined path. It was impossible to 
follow the trail of the gorillas further. 
The natives went up and down the path 
for a little way and then seemed to agree 
that we should go to the right to find 
some village or clearing. I think it was 
not more than a mile to a village where 
I found my police boy and porters with 
my bed-roll. 

After spending the night at this vil¬ 
lage, we started out at daybreak and fol¬ 
lowed the trail of the same band of go¬ 
rillas. We came upon the place where 
they had slept. We could even locate the 
one that had been shot. My bullet had 
apparently missed the animal’s brain by 
not more than an inch, for it had passed 
through the nose, and the gorilla’s nose 
is very short. A mushroom or soft- 
nosed bullet would doubtless have torn 
the whole face of the animal and prob¬ 
ably killed it, but would also have made 
it unsuitable for preservation in the way 
we wished. This day we found no more 
blood on the trail and the hole drilled by 
the bullet through the animal’s face had 
apparently done little harm. 

We came upon one or two other groupB 
of gorillas, but apparently they had been 
hunted and were quite shy, so finally on 
the 10th of December I returned to 
Vimeli, having been out since the 
seventh. We returned to Yaounde on 
December 14. 

When we had first arrived at Yaounde 
one of the missionaries told me that at a 
place far in the interior of the Cam¬ 
eroon, named Djaposten, there were 
many gorillas, that in one morning’s 
walk of perhaps two hours he had 
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counted more than 100 gorilla beds. 
However, our stay in the Cameroon was 
longer than we had anticipated, and it 
was now time for Drs. Gregory and 
McGregor to start for home. Shortly 
after they left Yaounde for the coast on 
their way home, I left on December 17 
for Djaposten by motor-truck, the dis¬ 
tance from Yaounde to Djaposten being 
541 kilometers (338 miles). We stopped 
that night at a native village called San- 
ken on the northern border of the great 
equatorial forest region of West Africa. 

The road from Yaounde runs along 
this northern border of the forest and 
has been continued eastward by the 
French and Belgians until now it joins 
with the roadways of Uganda and East 
Africa and forms a great continuous 
motor highway across the continent. 
This might lead one to think that there 
was much traffic over this road, but this 
is not the case. Several times in going 
back and forth between Yaounde and 
Bertua, which is at kilometer 332 from 
Yaounde, where the road turns south 
again into the forest, we met only two or 
three motors. 

This is a very picturesque country. 
Even where there was savannah there 
were often gallery forests in the depres¬ 
sions. There were people scattered 
through this country, and at Bertua 
there were real savannah people with a 
somewhat different culture from those of 
the forests. They built large round 
mud-walled houses, with grass thatch. 
They kept many goats and sheep. The 
people themselves were darker and ap¬ 
peared to be more brachycephalic than 
those of the forest. This was especially 
noticeable when they were grouped to¬ 
gether at the market. There were a few 
cattle here, but I believe they had been 
brought down from the north. 

The country about Bertua and over 
much of the road between Yaound4 and 
Bertua seemed very fertile. In most 
places the soil was red and supported 


either a luxurious growth of grass and 
acacias or else rain forest. When it was 
possible to make a choice, the natives al¬ 
ways chose to make their gardens where 
there had been rain forest, not in the 
savannah, perhaps because weeds would 
grow less at first in the forest. Beside 
the road in many places the natives, by 
order of the French Government, had 
planted plantains, bananas, cassava, ca- 
ladium, sugar-cane, corn, sweet potatoes 
and other food plants, in order to supply 
food for people working on the road. 

This was a fine road, though in some 
places the bridges were very poor. They 
were replacing the wooden bridges by 
ones of reinforced concrete. I often 
thought what an enormous amount of 
labor could be transferred from road- 
building to the production of food crops 
if the steam-roller were used to pound 
the road instead of the natives with 
wooden blocks; for it requires a great 
number of natives to carry gravel in 
loads on their heads and others to pound 
the surface of the road with wooden 
mallets, and nearly every foot of the 
thousands of miles of road in West 
Africa has been treated in this way. 

The second day’s journey from 
Yaounde brought us well down into the 
forest. Early in the afternoon of De¬ 
cember 18, 1929, we reached Abong 
Mbang and had just passed beyond the 
Government Poste when I was told that 
there was an American doctor, Dr. Leh¬ 
man, at Abong Mbang. I ordered them 
to turn around that we might go to see 
him and then was told that his house was 
about 6 kilometers from Abong Mbang 
and that he was not at home but would 
be back in a month. So we continued on 
toward Djaposten. 

Just at dusk we reached a rather large 
native village. The chief was a very 
tall Negro, very quiet, dignified, with 
very deeply sunken eyes, whose name 
was Atangana Impene. He was build¬ 
ing a large new house, the frame-work 
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of which was already up. There were 
several rooms and a high-peaked roof 
and the latticed walls ready to be plas¬ 
tered with mud. This structure looked 
like an enormous and intricately-made 
basket, for there were no nails used in 
its construction. Everything was either 
crudely dowelled or fastened together 
with rattans. This chief had shoes and 
wore clothes like a white man. Later on 
he put a board floor in this house, the 
floor being raised up from the ground 
and a terrace built up around it on all 
sides. He later said that this was so 
that you could get that peculiarly pleas¬ 
ing sound that one gets when walking 
across the bare board floor with heavy 
shoes on in a white man’s house. 

At Atangana Impene’s village the 
night was misty and quite cold. I slept 
in a new house, the mud walls of which 
were still damp, and there was a ten¬ 
dency for the mud of the floor to stick 
to everything. As in any typical native 
house, there were but two tiny windows 
close under the eaves. Even in the 
middle of the day one would hardly be 
able to see without artificial light. He 
had put this house up especially for 
European visitors. The rooms on either 
side had been closed, but the foyer had 
been occupied by goats and sheep, which 
made it smell like the rest of the village. 

Since leaving Abong Mbang the coun¬ 
try had become very hilly, almost moun¬ 
tainous. In most places the road was 
good, but in some places the steep hills 
were badly washed. We left Atangana 
Impene’s village about 7 in the morning 
and reached Djaposten about 8:30. 
There were no villages between the two 
places. When the natives of Djaposten 
heard the sound of the motor truck they 
came from their houses, which were back 
a little from the roadway, and con¬ 
gregated along the road. The driver 
stopped where a group of natives had 
gathered. I got down from the truck 
and ashed, "This is Djaposten!” A 


rather short, stocky, flat-nosed Negro 
with a large black felt hat, white trou¬ 
sers, khaki shirt and no shoes, stepped 
forward and offered me his hand. “Me 
be king for dem town.” His name was 
Ngom. I asked him where the mission 
was, for I had understood that the 
American Presbyterian Mission for¬ 
merly had one of its men stationed here. 
Several of the natives replied in unison, 
“Mission live for up.” Therefore we 
climbed back on the truck, the chief 
coming too, and started up to the Mis¬ 
sion a kilometer farther on. Most of 
the group followed along behind or 
beside the truck. 

Here was another small group, one of 
whom was pointed out to me as the “man 
for Mission,” this one, “black doktor,” 
in other words, one of Dr. Lehman’s med¬ 
ical boys, stationed here to dispense cer¬ 
tain medicines to the natives. I informed 
him that I had been at the American 
Mission in Yaounde and upon their ad¬ 
vice had come to Djaposten to hunt go¬ 
rillas. I told him I wanted a house. He 
said “White man’s house is right over 
here.” We were able to get the motor 
truck up to this house, where all my 
paraphernalia was unloaded. No white 
man had lived at Djaposten for some 
time. 

At Lomie, thirty-six kilometers further 
on, there was an outpost of the French 
Government. I decided to go on im¬ 
mediately, while I had the truck, to 
Lomie and present my credentials to the 
French officials there. The chief of 
Djaposten, Ngom, asked if he could go 
with me to Lomie and Dr. Lehman’s 
medical boy, Ntje, also wished to go in 
the truck to bring back a sick woman 
and child. So I told them to climb on 
the truck. Parts of the road between 
Lomie and Djaposten were especially 
steep and rough. I found the two 
French officials, M. Geandin, chef de 
subdivision, and M. Yidot, agent special. 

I showed them my credentials and told 
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them that I wanted to hunt gorillas in 
the neighborhood of Djaposten, that I 
wished to bring the gorillas out entire 
and for that would require a number of 
porters. I requested that the chief be 
instructed to supply me with twenty or 
thirty porters should they be required. 
This was done and I was also told that 
the government wage rate for 'porters 
was 2.25 fr. per day for 25 kilo load. 
They transcribed some of my papers, 
especially a letter from the Governor of 
the Cameroon. We started back to 
Djaposten early in the afternoon. 

The following morning, December 20, 
with Ngom, one of my boys, Ndongo, 
and a local native, we hunted for gorillas 
to the north and east of the road. We 
started early in the morning and went 
over much swampy country and second 
growth. I saw six nests of gorillas, all 
of which were old, and one or two gorilla 
tracks that were fresh. We came upon 
a herd of Potomochoerus, and one of 
them, a large boar, I shot. 

On the way back we saw an interesting 
fish-trap, where a stream was dammed 
with palm leaves and the fish, in trying 
to go down-stream, were caught on a 
lattice of palm petioles. Just before we 
reached this fish-trap, near the roots of 
a huge forest tree, there was a large rat 
that had been caught in a snare set in a 
hole under the roots. Ngom very de¬ 
liberately crushed the animal’s head with 
his knife and smiled as he slipped it in 
a fold of his cloth. I asked him if he had 
set the trap. He smiled again and said, 
“Another man made it.” It had appar¬ 
ently been set by one of the men who had 
made the fish-trap. Ngom showed them 
the rat, and though I did not understand 
exactly what they said, it was evident 
that if a man wanted animals from his 
own traps it was his business to visit 
them early. 

It was late in the afternoon when two 
natives arrived, carrying the boar on a 
polo, and everybody else in DjapoBten 


arrived also, to help them take away the 
meat. I took what I needed for myself 
and what I thought would be sufficient 
for the boys, and then gave the rest to 
Ngom. For the rest of my stay at Djap¬ 
osten, almost a year, I heard complaints 
about the careless way in which I had 
turned over the meat to Ngom, and that 
this man or woman had not received any. 
The following day I arranged with Ngom 
for ten carriers to take my outfit to some 
place up the Dja, where he claimed go¬ 
rillas were abundant. About 9:30 a 
native came in with Ngom and said that 
gorillas had kept him awake all night at 
his clearing. We went with him about 
three miles to his clearing and hunted 
in the neighborhood for three hours with¬ 
out seeing any mammals. I collected a 
specimen of caecilian, a wormlike am¬ 
phibian. As it crawled on the dark, 
damp leaves of the forest it looked like 
a giant earthworm, bluish-gray in color, 
about a foot in length. This is a rare 
animal in collections and Dr. Noble told 
me upon my return that this was the first 
specimen to be collected by a Museum 
expedition. 

Much of the forest through which we 
hunted was large second growth, where 
the most abundant tree was the umbrella 
tree, Musanga. This grows to be quite 
a large light-barked tree with a pal- 
mately compound leaf and frequently 
with roots that branch from the trunk 
several feet from the ground, and look 
like braces to support the trunk. In this 
sort of country there seems to be an 
abundance of food for chimpanzees and 
gorillas. They both feed to some extent 
on the leaves, bark and buds of the 
Musanga. 

I had expected to leave Djaposten on 
the twenty-second of December, but we 
again had to postpone going inland be¬ 
cause a boy ate so much pig that he was 
very sick, and the others Baid they were 
Christians and could not work on Sun¬ 
days. Finally we left Djaposten on the 
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twenty-third of December and followed 
a trail north of the Dja toward the east, 
and spent the night at a place called 
Malen, which consisted of one filthy hut 
occupied by two families. Malen was 
about two hours’ walk from Djaposten, 
and the country was fairly level. 

Large plantain-eaters are common in 
the forests here, called by natives “kun- 
duk.” Their calling in numbers is a 
common sound, especially in the morn¬ 
ing and evening. They are beautifully 
colored birds, blue, green, yellow and 
black. A smaller variety is much less 
abundant. One time I shot one of these 
smaller ones for food. I had been told 
years ago that the red pigment contain¬ 
ing copper in the wing feathers of these 
birds would soak out in water. I put a 
few of the feathers in water but after 
two or three days none of it had soaked 
out that I could see. The feathers lay 
around on a little stand that one of the 
boys had made for my washbasin. Some 
soapy water came in contact with the 
feathers, and the red pigment immedi¬ 
ately washed out; putting it in soapy 
water I found that it tinged the water 
pink and the feathers also changed from 
red to pink. 

We spent one night at Malen and then 
decided to move farther up to a place in 
the forest that Ngom called Kinoa- 
Mpanga. We left Malen early in the 
morning and traversed rather flat coun¬ 
try and four streams. Near the streams 
were palm swamps. Most of the forest 
was heavy, perhaps some of it virgin 
forest. 1 saw gorilla and chimpanzee 
tracks in a swamp; in one place there 
were elephant tracks. Several monkeys 
were seen, most of them a species of 
Lasiopyga with a red tail and a white 
moustache, probably L. cephus. 

Ngom and I led the way in the march 
to Kinoa-Mpanga. At one place where 
the forest was fairly thick, Ngom turned 
to me and said “Antelope,” and pointed. 
I knew from what he said that the animal 


was quite close. I froze and hesitated 
for several seconds, trying to see it but 
I could not until it leaped away, when 
it was too late to shoot. It was a red 
forest duiker. 

It was just after mid-day when we 
arrived at Kinoa-Mpanga, a place in 
large second growth but quite close to 
original forest. The closest permanent 
dwelling-place was the hut we had left 
that morning. At Kinoa-Mpanga were 
five huts built, about a year before, by 
Ngom and his people when they had 
come to hunt and gather rubber. The 
huts were only a few yards from a stream 
which is a northern branch of the Dja. 
That afternoon Ngom and I hunted 
northwest from camp until dusk. We 
saw a number of monkeys, squirrels and 
large horn-bills but no gorillas nor chim¬ 
panzees, though we did see some beds. 

On Christmas Day I was hunting with 
a powerfully built young fellow, named 
Nkoul, and Ngom. About noon we came 
to a palm swamp. These swamps have 
a stream meandering through their 
center, and from the stream to the edges 
of the swamp there is mud from a few 
inches to a foot and a half deep. The 
palms, beautiful and enormous, were 
raphia palms which do not form trunks. 
I usually took off my boots and socks 
when I came to one of these swamps in 
order to have them dry when I reached 
the other side. I had just taken them 
off on this occasion, when a squirrel, 
saying “ch-eh-ch-ch-ch,” ran up on a 
palm leaf and then jumped to another 
on a nearby tree, the hairs on its tail 
all standing erect. I tried to get a shot 
at this animal with a .22 rifle, and in 
order to do that I followed it toward 
the center of the swamp. By the time 
I had reached the stream the squirrel 
had disappeared, Ngom was beside me, 
but Nkoul had disappeared. I inquired 
where he was and Ngom called. When 
Nkoul answered, Ngom turned around 
and said “Small beef,” which may mean 
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any sort of small animal from a mos¬ 
quito to a goat. I said “What small 
beef f ’ ’ and he answered “Nyo,” which 
was so much like the ICiswahili word 
nyoka for snake that I recognized it and 
followed him in the direction of Nkoul’s 
voice. As we approached through the 
soft mud on which were scattered palm 
leaves I saw the body of a snake that was 
about seven inches wide. At the first 
glance I thought it was a python and 
said to Ngom, “Where is its head!” 
Then T recognized by its scales and color 
that it was a Gaboon viper. Ngom mean¬ 
time had walked right by the body of 
the snake within two feet, and in answer 
to my question pointed straight down, 
saying “Here is its head.” Nkoul had 
cut a sapling about an inch and a half 
in diameter and five feet long. Now they 
split one end of it and sprang it open, 
then kicked the leaves off the snake in 
a most careless way so that I warned 
them, “This snake be very bad,” to 
which Ngom answered, “Ya. Snake he 
bite, man he die.” They then proceeded 
to place the open split end of the sapling 
over the snake’s neck just behind the 
head and gave it a sudden sharp thrust 
down into the mud. With that the snake 
writhed and opened its mouth, and as 
they raised it up with its neck wedged 
in the stick its fangs were erected and it 
squirted venom several feet. 

They told me that this snake was 
very fine eating, and indeed the flesh was 
very delicate, tasting more like frogs’ 
legs than anything else. When we 
reached camp I preserved the skin and 
head. The animal measured just five 
feet in length. Its flesh was white and 
very delicate. For dinner that evening 
we ate the flesh of the viper and some 
prawns. Both were very good. The 
prawns had been caught by some of the 
women who had followed in the wake of 
their men folk. The thought of eating 
a viper seems repulsive to people at home 
and it would in camp, too, if there was 
any one about to make fun of it or turn 


up his nose at it; but when meat is scarce 
and every one is saying what fine meat it 
is, then one goes by the taste. 

Two days later another squirrel chat¬ 
tered and another viper was discovered 
after a good deal of search, lying in the 
leaves not fifteen inches away from the 
spot where I was standing. This was 
likewise secured with a split sapling and 
was duly eaten in its turn. Ngom 
claimed that in the daytime several men 
walking Indian file could each step on 
that snake and the snake would not move, 
but that at night it was a very different 
story, because the vipers are very active 
then. Indeed the natives were bo much 
afraid of the vipers at night that most 
of them refused to go out with me at 
night in the forest, as I frequently did 
whenever gorillas were known to be 
nearby. 

I had taken along many more carriers 
than were necessary for this camp, for I 
expected to get a gorilla any day and 
would require them to carry it to camp 
and back to Djaposten. However, day 
after day we hunted without success. 
There had been a dozen or fifteen men 
in camp. Ngom had ten or twelve wives, 
two of which followed along when we left 
Djaposten to carry his food and belong¬ 
ings. But every day or so one or two 
more would arrive bringing food, while 
some that had come out first would dis¬ 
appear. A number of the porters had 
their wives come out with food, some of 
the women also bringing children, until 
our camp numbered about thirty people. 
It was interesting to see them at close 
quarters. 

I was amused when Ngom and I re¬ 
turned to camp in the afternoon or eve¬ 
ning at the casual yet dignified way he 
would greet any of his wives that had 
arrived during his absence. They would 
come up and offer their hands, which he 
would take with some word of greeting. 
The women would then turn and walk 
away. Later on the new arrivals would 
invariably bring him food that they had 



IN QUBST OF GORILLAS 


331 


prepared. One of them who had come 
out with us from Djaposten had not gone 
back but stayed in camp. This one was 
an older woman. I understood that she 
was Ngom’s oldest wife and she acted as 
though she were the head of the house¬ 
hold. Sometimes when a new wife ar¬ 
rived this woman, who could speak pid¬ 
gin English, told me that this was an¬ 
other of Ngom’s wives. 

Frequently the women would catch 
small fishes and prawns in the stream by 
selecting a place where there was a bend 
and the water was shallow and where 
there was an overhanging bank. Here 
they would make use of all sorts of 
debris, sticks, leaves, logs and mud, to 
build a dyke, thus walling off a little 
part of the stream. When they had this 
enclosed they stood in this with their 
feet wide apart and using a flat basket 
as a scoop, bailed out the water. Then 
they wallowed about in the mud to find 
the many varieties of fishes and prawns. 
Characins and cat-fish predominated. I 
made a habit of selecting specimens of 
the various types they collected, but fre¬ 
quently by the time I reached camp in 
the evening they would already have 
smoked the day’s catch upon the little 
woven mat-like structure which they 
hung over the fire. 

On several occasions the men tried their 
hands at fishing, but they were not satis¬ 
fied to do it as the women did. The men 
made basket-like traps which they placed 
in the stream, usually two or three 
abreast. The mouth of this basket-like 
structure headed up stream. Then men 
stood beside this basket with long knives, 
while other men were armed with very 
long saplings, the large end of which had 
been pounded against rocks until the 
whole end was mushroomed and brush¬ 
like. Starting far above the point where 
the baskets were placed, the men stabbed 
at the water with these poles, each thrust 
Musing a loud “pwokl”, which must 
have made a great concussion in the 
Water, for fishes hiding under the bank 


would dart out and flee downstream away 
from the disturbance. They would be 
driven into the traps or often killed by 
the knives of the natives carrying the 
traps as they tried to dart by. The com¬ 
monest fish caught in this manner was a 
long-snouted characin about a foot in 
length, which was fairly good eating. 

The people at Djaposten were very 
poor. At the time of my visit they had 
no means of disposing of anything for 
money to the traders at Abong Mbang or 
Lomie. Previously they had been in the 
habit of gathering wild rubber and wild 
coffee. I saw a number of wild coffee 
trees in the forest. But the traders were 
not accepting either the coffee or the rub¬ 
ber at the time of my visit. Occasionally 
I could get them to bring a few eggs from 
Djaposten. However, the commonest 
food that they would bring out would be 
large plantains, cassava, caladium and, 
once or twice, sweet potatoes. Conse¬ 
quently meat was scarce. I always took 
a 22-caliber rifle as well as a high-powered 
rifle with me when hunting. Then if 
there were no gorillas about I would 
shoot monkeys, which we ate. The flesh 
of these animals was very good, much 
better in fact than any of the goat’s we 
had had in East Africa, though the 
young goats and sheep that I had in the 
Cameroon were very good. 

One or two of the natives hunted with 
crossbows during the day. Once one 
killed a monkey, but as a rule they came 
in empty-handed. I was getting dissatis¬ 
fied with this locality, and one day Ngom 
asked permission to go to another place 
some distance off on the south bank of the 
Dja. He was gone from dawn to 2: 00 p. 
m. When he returned he had with him 
two fine monkeys he had killed with his 
crossbow. He told me that he had seen 
gorillas and that we could surely find 
them there. 

On December 30 we started soon after 
daybreak and followed the path south 
toward Malen for about two miles, then 
we turned southeast and crossed the Sa 
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and later the Dja. We took embalming 
fluid and several natives as far as the 
Dja. Then Ngom and three of his best 
men went on with me, crossing the Dja on 
the trunk of a fallen tree. Ngom and 
one of the others carried their crossbows. 

Beyond the Dja was a palm swamp 
where we saw gorilla tracks. ^Beyond 
that we hunted through heavy forest and 
second growth alternately. At 11 A. m. 
we came again to the border of a palm 
swamp, where there were fresh gorilla 
tracks. There was a chimpanzee nest, 
that I photographed, in a tree just at the 
edge of the swamp. 

As I was doing this we heard a gorilla 
in the distance, and a few minutes later 
started in that direction. Ngom and I 
went along, leaving the other three be¬ 
hind. It was difficult to follow this 
gorilla through the heavy forest; for 
yards at a time we might be led onward 
only by a faint knuckle mark, a broken 
twig or a bit of chewed-up Aframomum 
plant. Many times we were quite far 
from the trail when we heard a branch 
break or some vocal sound that led us 
back toward them. They moved about in 
the forest as quietly as a cat walking 
across a carpeted floor. Frequently we 
got close enough to them to see the vege¬ 
tation moving, sometimes in two or three 
places at once. Then apparently the 
group would move off, while one would 
remain behind. We would think that 
the whole group was still before us. 
Then apparently the one behind would 
go off, without our knowledge, of course, 
and we might wait for some time believ¬ 
ing them close by. Then we would walk 
very carefully forward, taking advantage 
of all cover, only to And that they had 
left perhaps 10 or 15 minutes before. 
One time we were quite close to one when 
nearly a hundred yards ahead another 
had climbed a large tree bearing fruit 
about the size of a croquet ball. We could 
hear the swish of the leaves and then the 
beating of the fruit as it struck the 
ground like falling apples. However by 


the time we were able to get close to the 
tree, they had gone on. 

About 2 p. m. we had been close to them 
for some time. I saw vegetation moving, 
and at one side there was an open place 
which I felt sure they would come into. 
I had my rifle raised, ready to fire, when a 
large antelope walked out. Apparently it 
had been hiding there and had been dis¬ 
turbed by the gorillas just beyond. Fin¬ 
ally late in the afternoon we succeeded 
in getting ahead of this group in the di¬ 
rection they were going. Then for no 
apparent reason they went off at right 
angles. We followed; we saw their arms 
move on one or two occasions and I fol¬ 
lowed, absolutely sure we would get one 
or two of these gorillas. We had been 
very close to them for a long time and it 
seemed impossible that they could avoid 
coming into view. They seemed to be 
following down a little depression. 

We made a detour, following back 
trails and were just at the edge of the de¬ 
pression when we heard gorillas in several 
directions. Suddenly I turned to the 
right and there I saw facing me a gorilla, 
standing in the open, but it was not an 
adult. It was pure black and about the 
size of an adult chimpanzee. We were 
face to face. I aimed at its head and then 
I realized that it was not the gorilla I 
wanted. It looked at me a moment, then 
turned and went on down the depression, 
not going back with the rest of the group. 
As soon as it was out of sight it made a 
noise like beating its chest or clapping 
its hands, and instantly all the others 
were silent for a minute or more. This 
was followed by a terrific roar and stamp¬ 
ing by a male, and we waited, expecting 
them to charge. We did not wait long, 
however, for I knew they might go away 
and this was what they did. We fol¬ 
lowed a short distance to find that they 
had been frightened, as shown by the 
feces. It was then too late to follow 
further, for the sun was low. By walking 
very fast we reached camp just after 
dark. 
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On December 31, 1929, I loafed in 
camp until late in the afternoon. Then 
I went out to hunt for meat for dinner. 
I shot a hombill and a red-tailed monkey, 
a female with active mammary glands. 
I asked Ngom who had made these clear¬ 
ings round about our camp years ago, 
where there is now such large second- 
growth forest. He told me that during 
the war the Germans were occupied in 
fighting and could not control the na¬ 
tives. Consequently many natives had 
run away and it was some of his own 
people that had come away off here, far 
from any village, to establish themselves 
away from the white man’s demand for 
labor. 

One morning the natives asked me if I 
had heard gorillas talking during the 
night. I said no, that I had never heard 
gorillas talking. They said that gorillas 
had talked at night and that they had 
heard them. I told them that in the 
future if they heard gorillas talking they 
were to wake me, and a night or two later 
they did so. There was a sound like the 
twang of the string of a bass viol, very 
deep and resonant. I presume that this 
noise was made during exhalation, ac¬ 
companied by a rapid vibration of the 
lips. I kept track of how often this sound 
was made and took a compass bearing on 
the direction it seemed to come from. 
The following morning we set out in that 
direction and eventually found a place 
where gorillas had slept, but were unable 
to trail them more than a short distance 
through the comparatively dry forest 
where their feet made no impression. 

The weather continued clear and dry 
in the middle of the day, but by midnight 
it was cold and the forest dripping like 
rain. This continued until after sun¬ 
rise. In the heavy forest the leaves of 
the forest floor do not get crisp before 
about noon. Mist or low clouds often 
obscure the sun until 10 or 11 a. m. 

While hunting gorillas I took the .22 
rifle along and occasionally shot a monkey 


or a hombill for food. On two or three 
occasions I got forest guinea-fowl. Sev¬ 
eral times we saw tracks of the giant forest 
hog, Eylochoerus, and more often those 
of the red river hog, Potamochoerus. 

Nearly every time that I saw elephant 
tracks I could also see the tracks of pyg¬ 
mies who had been hunting the elephants. 
Whenever these little people are lucky 
enough to kill an elephant or wound it 
severely, they will follow it until it dies, 
and then call their companions, who come 
and live where the elephant drops until 
it is eaten up, as it is easier to move a 
pygmy village than an elephant. They 
then carry away the tusks, which they 
take to the chief of some village and trade 
for iron and perhaps gun powder or 
cartridges. The French government al¬ 
lowed certain of the native chiefs to have 
shotguns. These were not ordinary shot¬ 
guns but old bolt-action army rifles 
bored out and made over into twelve- 
gauge single-shot shotguns. The chiefs 
in turn sometimes turned over such a 
gun to a group of pygmies, who were 
ingenious little hunters. They would 
procure meat and ivory for their larger 
Bantu neighbors in exchange for peanuts, 
maize, bananas, and so forth. 

On only one occasion did I see the 
tracks of buffalo. 

Sometimes the natives would get honey 
from bees’ nests within tree trunks. One 
afternoon I got one young of a large 
species of owl as it flew from a tree we 
cut down for the honey it might contain. 

It was with difficulty on one or two 
occasions that I tried to go in the direc¬ 
tion of the gorillas at night. The natives 
disliked walking in the forest at night, 
and some absolutely refused to do so. I 
was never successful in getting near the 
gorillas at night. Either they would stop 
talking or we would find that they were 
too far away. 

On one occasion I left camp alone 
very early in the morning, expecting to 
return within an hour or less, when I 
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came upon fresh gorilla tracks and fol¬ 
lowed them. Sometimes I could follow 
their footprints; at other times I heard 
their voices in the distance, so that I was 
guided alternately by their voices and 
footprints At times I was so close that 
I could hear the vegetation rustle, so I 
continued on their trail throughout the 
day. Late in the afternoon they Vent up 
a large tree for fruit and only just came 
down before I got there. This was in the 
densest sort of jungle; many of the larger 
trees had been blown down by a storm so 
that there was just a tangle of fallen 
trees overgrown by lianas and rattans. 
It was clear that I could not get back to 
camp, as beneath the dense canopy of 
vegetation it was already getting dark. 
I therefore looked for a place to sleep and 
found a tree which probably had been 
struck by lightning and splintered. I 
could break off bits of the wood and make 
a fire. I gathered large leaves which I 
flattened beside the fire and spent the 
night right there. I thought if I fired a 
shot there was a bare possibility that the 
natives in camp might be able to hear it. 
Fortunately a wood pigeon came nearby 
and the shot served two purposes. The 
pigeon, struck with a heavy rifle bullet, 
was almost blown to bits, but what 
remained I made a meal of. 

I had begun to doze about nine o’clock 
when I was suddenly aroused by a noise 


which I recognized as a gorilla talking, 
but this noise was as loud as the roar of 
a lion. It seemed to me that these gorillas 
could not have made their nests more than 
a hundred yards away from where I lay, 
so loud was the noise. They may re¬ 
peat this talk or call or tremendously am¬ 
plified growl many times. On this oc¬ 
casion of course I felt here was my great 
chance. If I had had an electric torch or 
other light I could certainly have found 
the place where those gorillas were sleep¬ 
ing, but as I was situated I could do 
nothing. During the night I got so cold 
that I divided the fire in two and slept 
between the two fires, as dew continually 
dropped from the trees above. At dawn 
I started hunting for the gorillas, hoping 
to catch up with them before they had 
gone far. However, in the dense under¬ 
brush it was two hours before I located 
the place where they had slept. I had 
had only a handful of peanuts and the 
pigeon to eat, therefore gave up the pur¬ 
suit of the gorillas and tried to find my 
way back to camp, where I eventually 
arrived about noon to discover that most 
of the natives were out looking for me, 
but none in the direction from which I 
came. They claimed they had heard the 
shot that I fired the evening before, but 
apparently no two agreed on the direction 
of the sound. 


(The next section entitled “Men, GoriUas and Sleeping Sickness” by JGT. C. Raven wiU be 
printed next month and will conclude the series “In Quest of Gorillas . M ) 



FOSSILS IN PENNSYLVANIA 1 


By Dr. BRADFORD WILLARD 

GEOLOGIST, PENNSYLVANIA TOPOGRAPHIC AND GEOLOGIC SURVEY 


It has been my experience as a geolo¬ 
gist that the average American citizen’s 
knowledge of fossils varies greatly in 
different parts of the country. Some 
might attribute this to climate, innate 
intelligence, ancestry or occupation. I 
offer no explanation, but merely record 
my observations drawn from experiences 
ranging from New England to Cali¬ 
fornia that some parts of the population 
are more conscious of the presence of 
fossils than others. 

Mention fossils to a western rancher, 
and the chances are that he will produce 
from somewhere about his shack a few 
fossil bones or teeth that he has picked 
up thereabouts. Finding this common 
bond of interest, he may volunteer to 
lead you to some neighboring *‘ draw ’ 9 
and point out fragments of an ancient 
skeleton protruding from the partly 
eroded bank. Take one of these chaps in 
the field with you on a fossil hunt, and 
you may be surprised by his familiarity 
with details of these long-dead creatures. 
But mention fossils to an easterner, and 
observe the mental reaction. 

Let us suppose that you have just an¬ 
swered negatively the standard question, 
“Hey, mister, lookin’ for goldt” and 
told your inquisitor that you are digging 
fossils. If he still evinces any spark of 
interest, he may inform you that he has 
some arrowheads at home or that his 
cousin found some “mineral rock” in a 
cave “back in the hills”; or he may even 
confide in you that he knows somebody 
who has a collection of old postage 
stamps! Needless to say, these articles 
arc hardly to be classified as fossils. Not 
long ago a certain brand of gasoline was 

* Published with the permission of the State 
Geologist of Pennsylvania. 


advertised by “stickers” depicting dino¬ 
saurs. While buying this brand of * * gas 91 
at a station in central Pennsylvania, I 
casually told the attendant that I had 
found, within a few miles of that very 
spot, the foot tracks of just such animals 
as the “stickers” showed, imprinted in 
stone. Aware that dinosaurs were re¬ 
putedly large, he allowed that they 
might have been heavy enough to im¬ 
press their tracks in the solid rock. 
Sceptically polite, his feeling of relief 
when I drove off without becoming vio¬ 
lent must have been profound. Never¬ 
theless, be it due to the vicious effect of 
heredity or not, my small son collected 
the “stickers” with avidity. Then, 
while accompanying me on his first visit 
to the American Museum of Natural 
History, he astonished-to muteness an 
obligingly attentive guide in the Hall of 
Reptiles by pointing out with no uncer¬ 
tain gesture and in unsubdued tones 
such examples as Triceratops, Stego¬ 
saurus and Trachodon . The gasoline 
“stamps” had done one bit of mission¬ 
ary work. 

But, just as all westerners are not 
necessarily born paleontologists, so all 
easterners are not indifferent to fossils. 
Sometimes in the field I have met one 
“just queer enough” to care about rocks 
even if they never put a penny in his 
pocket. More than once it has been my 
pleasure and good fortune to go a-field 
with such, and I assure you that the 
benefit drawn from their enthusiasm 
over the local geology far eclipsed what 
little “scientific” return I was able to 
make. Now and then into my office 
comes some one wanting to know about 
the rock full of “petrifications” he has 
brought to show me. The ohanoes are 
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that my visitor is either a farmer or a 
Boy or Girl Scout; for, after all, these 
seem to be almost the only non-scientifi- 
cally trained people nowadays who have 
any particular interest in what their 
eyes show them outside of the cinema 
houses. And so, I set aside my work and 
try as best I may to explain that the 
shells or leaves in the rock are actually 
the remains of prehistoric animals or 
plants which once lived in Pennsylvania. 
And I tell my visitor how these frag¬ 
mentary remnants entombed in the rock 
once lived and that then the rock was 
loose sand or soft mud which later hard¬ 
ened after the dead remains were buried. 
Call it proselytism if you will, but per¬ 
haps there are just enough people inter¬ 
ested so that the account which follows 
may not prove entirely a journey 
through “the valley of dry bones.” 

The majority of the rocks of Pennsyl¬ 
vania (unknown to most of us) are 
probably fossiliferous, that is, they carry 
enclosed within themselves the remains 
of strange, long-dead creatures and 
plants which once constituted the lead¬ 
ing citizenry of the Commonwealth. 
Tell this to most people, and they’ll cut 
you off their calling lists, where only 
“rational human beings” belong. Yet, 
wherever one encounters rocks formed 
in regular layers, even though these 
layers or beds are tipped and broken, 
bent and twisted, if they be not too badly 
damaged, the chances are that you may 
find fossils in them. At least it is worth 
while looking over the flat surfaces, and 
perhaps supplementing this labor by 
hammering to pieces a bit of the rock. 
Usually, it will break into layers, and 
perhaps on some will be found the deli¬ 
cate tracery of a “fern” leaf, the beau¬ 
tifully symmetrical, many-ribbed im¬ 
print of a sea-shell or a curious foot 
track. Our fossils are not confined, you 
see, to the plants so commonly brought 
back as “souvenirs” by visitors to the 
coal fields. On the contrary, these coal 


plants, interesting as they are, consti¬ 
tute but a small part of the fossils dis¬ 
covered or discoverable in Pennsylvania. 
The rocks within our borders contain 
remains of nearly every common kind 
of marine animal, besides fossils of land¬ 
living, air-breathing creatures of many 
and diverse sorts. Fossils can be found 
in almost all counties of the state except 
the southeastern comer. Here the rocks 
have been so crushed, broken and 
changed that all semblance of fossils, if 
any ever were present, is probably de¬ 
stroyed. 

How came these fossils to be in the 
rocks of Pennsylvania f Long, long ago, 
the geography of what we call the Key¬ 
stone State was far different from that 
of the present. You had already guessed 
this when I told you that our bedded 
rocks contain fossils of animals which 
lived in the sea. What was that seat 
No, not the Atlantic Ocean. This geog¬ 
raphy of millions of years ago may be 
pictured if we imagine the Gulf of Mex¬ 
ico, Hudson Bay and the Gulf of St. 
Lawrence to be extended mutually 
toward each other until they meet some¬ 
where in the Central States. Then let 
these salt waters spread widely, and they 
will produce a vast, shallow, inland sea 
larger than anything of its kind now on 
earth, but representing a condition not 
uncommon ages ago. The eastern shore 
crossed Pennsylvania in a southwesterly 
direction; and, eastward therefrom, none 
knows how far, stretched a land which 
geologists have christened Appalachia. 
It must have occupied much of that 
region of the globe over which to-day 
spread the waters of the western At¬ 
lantic. Every one knows that the rivers 
of eastern Pennsylvania flow eastward 
or southeastward toward the ocean. The 
rivers of Appalachia ran westward into 
the inland sea. Their direction was es¬ 
sentially the opposite of our Delaware, 
Schuylkill and Susquehanna. Laden 
with waste washed from the land, they 
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carried their burdens into the ancient, 
Mediterranean-like body of water and 
there laid them down as sheets of mud, 
gravel and sand spread far over the old 
sea floor. 

Our solid rocks to-day are the hard¬ 
ened remnants of those very sheets. In 
them we trace here and there the ancient 
shore-line with its sandy beaches and 
spits, its gravel banks, rippled sand-bars 
and muddy estuaries. Or, we may dis¬ 
cover an ancient delta where some now 
extinct river left its load of ground-up 
rock brought down from an inland 
mountain chain. Farther out from the 
old shore-line, we find the remnant of 
ancient coral reefs where it bordered 
sheltered lagoons. Suppose, in imagina¬ 
tion, we exchange our hammer for a 
deep-sea dredge such as is used for col¬ 
lecting samples of mud from the ocean 
bottom. To complete the illusion, let the 
family “flivver” in which we have gone 
fossil-hunting become a sea-going tug. 
Then may our rock specimens be likened 
to mud samples from the ancient sea 
bottom. Farther and farther from 
shore we cruise. Now our dredge brings 
up black mud, the antecedent of our 
slates, and again it drips limy ooze which 
we recognize to-day hardened into one of 
our many limestone formations. 

But, did all our rocks originate on the 
sea bottom only? No, not all of them. 
Those vast deposits of coal and asso¬ 
ciated shales and sandstones filled with 
plant impressions which make up the 
dominant rocks of our coal fields are of 
no deep-sea origin. These are the hard¬ 
ened gravels, muds, sands and matted 
accumulations of dead plants which 
formed in river beds or on their flood 
plains, in piedmont regions and along 
low, swampy, coastal flats. No one need 
be told that the salt sea which once cov¬ 
ered so much of the interior of our con¬ 
tinent is no longer there. Part of the 
explanation for its disappearance is to 
be found in the fact that the sea was 


finally filled, at least along the borders, 
with the sediments the rivers brought in 
or the waste which storm waves tore 
loose from the coast and currents 
dragged out to sea. Where the sea was 
filled, coal-bearing rocks and other for¬ 
mations of non-oceanic or fresh-water 
origin (called “continental deposits” by 
geologists) came into being. 

“But,” you comment, “this may be 
instructive to some, but so far I have 
waded through several pages of an un¬ 
interesting recitation of dull statements 
about ancient and literally long-buried 
topics. I am as incredulous as was your 
‘gas’ station attendant, and echo the 
Mock Turtle with, ‘What is the use of 
repeating all that stuff, if you don’t ex¬ 
plain it as you go on? It’s by far the 
most confusing thing I ever heard 1’ ” 

May I, without offense, presume to 
paraphrase so far as to say, “By their 
fossils ye shall know them”? There is 
the key explanation of most of our de¬ 
ductions. First, of course, we do ex¬ 
amine the character of the rocks them¬ 
selves. That tells us much. Dissolve 
away the material which holds together 
the pebbles in this piece of conglomerate 
or “pudding stone.” What remains? 
Gravel, to be sure. Do the same with 
this sandstone; the answer is, sand. 
Could we likewise soften a specimen of 
shale, the result would be mud. Who 
has not seen gravel, sand or mud accu¬ 
mulating in half a dozen different places 
and under as many unlike conditions? 
Can you not from this hazard a guess as 
to how these rocks came to be ? And now 
suppose that they contain fossils. We 
have a much better means of discovering 
Jkeir origin. Our ancient sea was popu¬ 
lated by myriads of “shell fish” whose 
forms and habits are comparable to the 
forms and habits of their living descen¬ 
dants. As in the seas to-day, so in the 
waters of long ago, some animals lived 
in the shallows, some in the deeps, some 
near to, others remote from the coast. 
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Different forms inhabited the beach, the 
tidal marsh or the lagoon. Many ani¬ 
mals spent their lives anchored in one 
spot, and there were those which crawled 
on the ocean bottom. More passed their 
days burrowing in the ooze and mud. 
Still other forms swam gracefully about 
or drifted helplessly, carried by wind or 
current. By analogy with to-day’s ma¬ 
rine population, we deduce the habits 
and hence the surroundings of the ani¬ 
mals whose fossil remains we see in the 
rocks of Pennsylvania. 

Likewise, or conversely, our fossil land 
plants show not merely that the asso¬ 
ciated coal beds formed on land, but give 
a clue to the ancient climate. Plants 
have been called “the thermometers of 
the past.” Unlike animals, they can 
not move about and escape unfavorable 
climates; they must learn to live under 
new conditions or perish. Consequently, 
the characteristic plants found fossil 
imply something as to the temperature 
and moisture of the ancient climate 
amidst which they flourished. 

So we obtain from our fossils an ink¬ 
ling of the conditions under which the 
rocks that imprison them were formed. 
Be the enclosed remains those of deep- 
sea dwellers, the rock originated far 
from land, but if the fossils are only 
land plants, quite the reverse is true. 
But, suppose a rock contains a mixture 
of leaves and sea shells t We may as¬ 
sume its origin to have been in the sea 
but near shore where a river brought 
plant debris down to become water¬ 
logged, sink to the bottom and be buried 
with the remains of sea life. 

Such relations as these may be studied 
in Pennsylvania’s rocks. Generally 
speaking, if one starts in the southeast¬ 
ern comer of the state and goes north or 
northwest into the nearest coal fields, he 
passes, with few exceptions, over a series 
of rock formations which lie successively 
one above another, that is, the farther 
we go, the younger are the rocks which 


we cross. The difference in ages of the 
extremes of this rock series is reckoned 
in hundreds of millions of years. There¬ 
fore, we are not surprised to find that 
the fossils in the rocks change as we go 
from formation to formation. Each is 
characterized by its own, individual 
sorts of fossils or groups of fossils com¬ 
mon to no other formation. Organic 
evolution was constantly changing the 
character of the population, and each 
group of rocks carries a different cross- 
section of the evolutionary stage fash¬ 
ionable at the time it was laid down. 
The fossils are convenient earmarks by 
which we separate and recognize the sev¬ 
eral formations wherever we meet them. 
As we pass from older to younger beds, 
a profound life-change is seen. Our old¬ 
est fossiliferous rocks have, as their 
highest type of animals, certain “sub¬ 
marine vermin,” small crustaceans no 
more to be reckoned with than so many 
good-sized shrimp. But, as we rise in 
the rock scale, and simultaneously 
scramble up the ancestral tree, we may 
be surprised to discover the bony armor 
which once protected the body of an 
ancient fish-like form. With this discov¬ 
ery we have reached the rocks which 
formed at the beginning of the age of 
backboned animals. If we go still higher 
in the scale of rocks and life, we (at 
least in Pennsylvania) turn to our coal 
deposits and those other related rocks 
which formed in later days, not in the 
sea, but on land. In them we encounter 
“bigger and better” fossils. The plant¬ 
bearing shales of the coal measures are 
occasionally dimpled with little foot 
tracks; foot tracks of crawling, creeping, 
salamander- or lizard-like folk. Here 
are forms above the fishes, but still “far 
down in the animal scale” as we com¬ 
placently say in self-adulation. The 
many leaves and stems found with them, 
and the ancient tree roots embedded in 
soil n<Jw changed to solid rock show 
wnere the original “Penn’s Woods” 
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raised its green crown toward the sun. 
Now and then, though very rarely, for 
they are extraordinarily delicate fossils, 
we may find among our coal plants a 
“leaf" more curiously veined than all 
the rest. That “leaf" is actually a 
wing! Not the feathered wing of a bird, 
for birds were not “invented" then, but 
the wing of a large, primitive insect 
which bumbled its clumsy, leaf-eating 
course among the old, flowerless plants 
or delighted to tickle the noses of the 
“creeping things" in swamps where coal 
was a-making. 

The coal-time plants and animals are 
very ancient. And yet, though they 
lived some hundreds of millions of years 
ago, theirs is the last well-recorded chap¬ 
ter of earth history to be read within our 
borders. Father Time writes his record 
on stony pages; the characters which 
flow from his never-failing pen are the 
fossils. But, many pages, whole chapters 
or volumes, may be missing. So, if we 
would read all the rest of the story and 
understand what happened since the coal 
was formed down to to-day, we must 
roam far abroad from Pennsylvania to 
where a more complete record is pre¬ 
served. But we have been permitted to 
take at least two glimpses of some of the 
later pages of Time’s book, pages which 
that devastator, Erosion, has not ripped 
out and tossed away from the state’s 
rock library. 

The broad band of red sandstones and 
shales which runs from Gettysburg 
northeastward to the Delaware Valley 
preserves, though in a sadly fragmentary 
state, part of a chapter taken from that 
volume of earth history on whose title 
page is written “The Age of Reptiles.” 
In these rocks one now and then finds a 
curious three-toed foot mark some three 
or four inches long. Occasionally, a row 
of these shows where an ancient Penn¬ 
sylvanian picked his way across the mud 
flat of a now long forgotten river. 


Would that it were possible to take up 
the trail, track down and capture at 
least his fossilized skeleton! But, in 
Pennsylvania, a few bits of broken bones 
and stray teeth are all that these red 
rocks have yielded of the track-makers. 
They are, nevertheless, recognized as 
remnants of that surprisingly dull- 
witted and usually, perhaps appropri¬ 
ately, greatly oversized group of rep¬ 
tiles, the dinosaurs. It is an age-long 
gap from their time back to the period 
of coal-forming, but it is a far greater 
interval from the days of the dinosaur to 
the last chapter in Pennsylvania’s record 
of earth history. 

Thousands of years ago, a very short 
time compared to the hundreds of mil¬ 
lions of years during which the earth 
has been circling about the sun, North 
America was in the grip of the Great 
Ice Age. Then a greater part of Europe 
and North America became temporarily 
ice-buried, just as is Greenland to-day. 
But, despite the chilling, “normal 
times" eventually returned, and events 
jogged on as usual. Now, this great ice¬ 
forming epoch happened such a short 
time ago that much of its record is still 
intact, unspoiled by time, so that we 
fancy we know a vast deal about it. 
Over much of the northern half of the 
State of Pennsylvania, there ground its 
way southward a giant ice sheet. Slowly 
it advanced from its far northern base 
of supply. Then for a time it melted 
back again, perhaps into Canada, ad¬ 
vanced at least once more, melted again 
and finally disappeared altogether. Nat¬ 
urally, with all this uncertainty of pur¬ 
pose on the part of the ice, the equabil¬ 
ity of the climate suffered terribly. 
When the glacier advanced, the weather 
was so abominably cold that the musk 
ox trotted down into the Southern States 
and the walrus lolled on our Atlantic 
beaches. But, sometimes when the ice 
drew back, the climate improved re¬ 
markably, growing milder than that of 
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to-day. Then, such southern forms as 
the peccary and jaguar ranged north 
into regions to which, outside of “zoos” 
and circuses, they are to-day strangers. 
Here, again, fossils enter the story. 

Because the ice never came quite as 
far south as the latitude of Reading, we 
have beyond its southern border an un¬ 
glaciated country where contemporane¬ 
ous animals and plants then living in 
Pennsylvania could leave their fossil re¬ 
mains. Can you imagine elephant-like 
creatures munching the foliage in Ches¬ 
ter County? It is true that the masto¬ 
don and other even stranger beasts 
roamed unrestricted where now our do¬ 
mestic animals graze. Over half of the 
forms found fossil from the glacial time 
are probably now extinct; many others 
are to-day represented only in far-off 
lands by surviving descendants. They 
are gone from their former haunts in 
the Juniata Valley. No longer do they 
make winter quarters about Valley 
Forge as once they did, long before the 
advent of the Continental Army. In 
caves or crevices in the rocks have been 
found remains of mastodons, giant 
sloths, saber-toothed tigers, huge bears, 
a host of smaller beasts, a few birds and 
many kinds of leaves. Perhaps these 
write the last paragraph in the closing 
chapter of earth history recorded by fos¬ 
sils in Pennsylvania. Yet there is a pos¬ 
sibility that we may add still another 
sentence; or only just a footnote. Per¬ 
haps you are asking, “What about 
man?” 

Our answer is, “Wait and see.” We 
are not sure. There are doubtless tons 
of arrowheads, corn grinders, net sink¬ 
ers, clay pots and tobacco pipes of ab¬ 


original manufacture accumulating dust 
in our museums and attics or proudly 
displayed on center tables or in “what¬ 
nots.” But they are all brand new ob¬ 
jects and no more traces of fossil man 
than King Tut's mummy, Westminster 
Abbey or William Penn's house. They 
are not prehistoric, but were made by 
the same race of “red” men whom our 
ancestors found here making appro¬ 
priate to the American wilderness the 
adjective howling. Fossil man has long 
been known in Europe. Recently, evi¬ 
dence of his presence in parts of North 
America has begun to amass. In the 
West, certain flint “points” of peculiar 
design unlike any known to have been 
made by the Indians have been found 
mingled with bones of extinct mammals. 
But, disregarding our own venerated 
though largely discredited Lenap6 
Stone, we have no very sure evidence of 
the occurrence of pre-Columbian man in 
Pennsylvania. Some day, perhaps, a 
farmer will walk into my office or some 
other luckier fellow's office, with one or 
a bushel of these curious flints, and when 
he does, we can add at least this item to 
our history of fossils in the state. Even 
lacking such a final bit of proof and al¬ 
lowing for all the gaps in our rock rec¬ 
ord, is there not enough in what we do 
have to furnish “a source of innocent 
merriment”? Have we not here the 
means of profitable amusement, if not 
real research, for those who will inquire 
about the fossils of the state in which 
they live? Here, indeed, should be en¬ 
tertainment for those who care to ask 
themselves and others, questions about 
our rocks, their contents and their 
history. 



THE STOMACH AS AN ORGAN OF SOCIAL 

ADJUSTMENT 

By Dr. T. WINGATE TODD 

PROrUSSOB OF ANATOMY, WESTERN RESERVE UNIVERSITY 


In that new biography of Joseph Con¬ 
rad, written by his incredibly patient 
wife, there is the record of a visit by 
H. G. Wells and Bernard Shaw. Wells, 
Mrs. Conrad remembers, had a headache 
and would eat nothing but a slice of dry 
bread, washed down by a glass of quinine 
water, while Mr. Shaw made his meal off 
a cup of cocoa and a dry biscuit. Genius 
doubtless, like an army, travels on its 
stomach, but what a stomach! 

The reason that we stand in awe of the 
stomach is that this organ, more than any 
other of the viscera, controls our social 
adjustment. Many years ago the wisdom 
which directs our medical school ordained 
that lectures in anatomy shall be given 
either at 8 : 30 in the morning or at 1: 30 
in the afternoon. At either of these times 
it is evident to the discerning and sympa¬ 
thetic teacher that all is not well with his 
charges. Their spirit doubtless is will¬ 
ing, but their flesh is very weak. Hence, 
some twelve years ago, Miss Kuenzel and 
I set ourselves to investigate the natural 
history of the stomach, hoping eventually 
to draw up some schedule of its habits in 
work and play, its moods and eccentrici¬ 
ties. We did not care particularly about 
the stomach of animals nor even about 
the stomach of the sick. We were content 
to leave the elaboration of first principles 
to the physiologists and the discernment 
of disease to the clinicians, though we had 
some curiosity as to why the dim grey 
light of a February dawn, made famous 
in history by the execution of Mary 
Queen of Scots, should have so intensely 
depressing an influence on the human 
race and why the early Christian Fathers 
originated Lent. Our attention in the 
main was fixed on just what goes on in 
the secret recesses behind the rows of 


vests confronting us with more or less 
bombast every early morning and every 
early afternoon through eight months in 
the year which end with examinations 
scheduled, by some pedagogical demon 
now forgotten, in the very time of year 
when, from the nature of the season, 
young love might reasonably be expected 
to have least stomach for them. 

In the course of time we did indeed 
draw up a modest tract which, if it did 
not satisfy the appetite of grim unhumor- 
ous scientists, did at least tickle their 
risibility. We gave it the title t * Behavior 
Patterns of the Alimentary Tract. * ’ But 
even in 1930, when that volume appeared, 
the idea of behavior patterns in the stom¬ 
ach seemed preposterous to almost every 
scientific mind. Slowly, however, it has 
come to be realized that the stomach does 
have registrable moods and method in its 
manner of working, a knowledge of which 
contributes not a little to the brightness 
of life. 

The stomach is a muscular organ, the 
activity of which is expressed in rhythmic 
waves of contraction which pass along it 
analogous to those waves of contraction 
which pass over the heart and are known 
as the heart beats. Waves of gastric con¬ 
traction are called peristalsis and their 
rate is much slower than the rate of the 
heart beat. But inasmuch as the heart 
beats force the contained blood onwards 
into the blood vessels it has been assumed 
that peristalsis of the stomach occurs for 
the purpose of forcing onward the gas¬ 
tric contents. Furthermore, on this hy¬ 
pothesis, it has also been assumed that 
the activity of the stomach would be 
greatest during and after a meal and that 
between meals the stomach would be at 
rest. Another simple notion about the 
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stomach is that it secretes an acid diges¬ 
tive fluid for the sole purpose of starting 
digestion in the food, which later is pro¬ 
pelled into the intestine by the peristaltic 
waves. 

No one had actually seen the stomach 
at work until the invention of x-rays, 
which permit us to look through the body 
and watch the activity of the internal 
organs. It is true that the stomach had 
been watched during abdominal opera¬ 
tions, but something interferes with its 
activity in these highly abnormal condi¬ 
tions so that movement is reduced to a 
minimum. It is also true that gastric 
activity had been observed in experi¬ 
ments on animals, but again this involved 
opening the abdomen and disturbing the 
conditions under which the stomach nor¬ 
mally operates. 

By mixing with the food a substance 
opaque to the x-rays and without in¬ 
fluence on gastric activity, barium sul¬ 
phate being usually used for this pur¬ 
pose, one can now easily study the 
movements of the stomach and, what is 
more surprising, watch also the accumu¬ 
lation of gastric juice within the organ. 

This procedure is regularly carried on 
in the hospital to enable the clinician to 
observe the shape, size and movement of 
the stomach, but inasmuch as healthy 
people do not usually go to hospital the 
study there is almost always made on 
diseased or functionally disordered stom¬ 
achs. It was not till Miss Kuenzel and I, 
with the active assistance of our medical 
students, undertook the routine system¬ 
atic study of gastric activity, that this 
investigation of healthy stomachs was 
carried out on a scale large enough to 
justify conclusions on what actually 
takes place in the stomach free from dis¬ 
turbances of form or function. More 
than 800 medical students have assisted 
us in this work, so that the detailed study 
of their stomachs, added to the two which 
Mass Kuenzel and I possess in our own 
right, a study which has been prolonged 
for hours at a time and continued day 
after day at all seasons of the year, en¬ 


ables us to speak with confidence concern¬ 
ing this shy and somewhat irresolute 
organ. 

When we first began to examine the 
student stomach eleven years ago we 'vpere 
impressed by two features, namely, its 
large size and its inactivity. Of course 
we did not realize that we were dealing 
with stomachs unused to being spied upon 
in this manner. We started the work at 
the beginning of the session in Septem¬ 
ber, 1925. By February of the next year 
we began to realize that these stomachs 
which, in September, were so large and 
sulky were now smaller, even though we 
gave exactly the same amount of food as 
before, and more active than we had 
found them earlier in the session. By the 
following September these same stomachs 
had greatly stepped up their activity and 
they were very much smaller than we 
found them the previous February. But 
by this time we had a new set of stomachs 
to contrast with those we had been ob¬ 
serving for a year, namely the stomachs 
of the incoming freshmen. These stom¬ 
achs behaved precisely like those of fresh¬ 
men of the previous year. They were 
very large and very sluggish, but in the 
course of the session they also cheered up, 
grew smaller and became more active. 

In time it dawned on us that we were 
dealing with an organ very susceptible 
to emotional influence and that the ap¬ 
prehension and bewilderment of the 
freshmen at this new method, for new it 
was at that date, of learning anatomy, 
enhanced by the lurid suggestions of 
upper classmen, so played upon their 
stomachs that they froze with fright. We 
did not care to call it fright, so we 
dubbed it disquiet. When confidence 
has been restored to the subject of inves¬ 
tigation his stomach movement is revived. 

So far so good. We had interpreted 
satisfactorily the initial inactivity of the 
stomach, but we had still several years of 
study ahead before we realized the ex¬ 
planation of the large size. One of our 
collaborating students with a taste for 
mathematics, Dr. W. Ju Sommerfield, de- 
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vised an ingenious method of estimating 
the volume of the stomach from the mea¬ 
surements of the x-ray shadow. By this 
quite reliable technique he was able to 
assure us that even though we gave only 
4 ounces of fluid to a student on a stom¬ 
ach previously demonstrated empty, that 
stomach contained in less than five min¬ 
utes not simply the fluid swallowed but 
an additional amount of fluid, which 
varied with the type of food swallowed. 
We had already noted that the stomach 
was much larger after giving 4 ounces 
of buttermilk than it was after giving 4 
ounces of milk. Within 5 minutes after 
this quantity of milk is swallowed the 
stomach contains approximately 12 
ounces of fluid, but after the same quan¬ 
tity of buttermilk it may contain 20 to 30 
ounces. We then realized that gastric 
juice is secreted to an amount which 
varies with the type of food swallowed. 
But Dr. Soramerfield showed that these 
figures hold only for the stomach in a 
state of disquiet. The unruffled stomach 
does not contain nearly that amount of 
gastric juice. It is obviously preposter¬ 
ous that the stomach should secrete more 
juice if the subject is in an apprehensive 
frame of mind. Something must have oc¬ 
curred to bank up the secretion in the 
stomach. Hence we turned our atten¬ 
tion to the pylorus or outlet of the stom¬ 
ach, the passage from stomach to duo¬ 
denum or first part of the intestine, 
where there is a thick muscular belt sur¬ 
rounding the orifice. We watched this 
outlet narrowly and found that in dis¬ 
quiet stomachs it remains closed for a 
long time after food is swallowed, 
whereas in the stomachs of students well 
accustomed to the investigation it permits 
passage of contents within two minutes. 
We had now found the explanation for 
the large size of disquiet stomachs. The 
size of the organ depends less upon the 
amount of food taken than upon the rela¬ 
tion between gastric juice secreted and 
the passage of contents through the 
pylorus. 


Emotional states reduced the peristal¬ 
tic activity and at the same time caused 
prolonged closure of the outlet. 

If this interpretation be correct we 
should of course lose what we called the 
typical freshman gastric pattern as in¬ 
coming students become more accustomed 
to the idea of being studied. This indeed 
is precisely what has happened. The 
freshman pattern of 1925 no longer exists 
in 1936. Freshmen of the current session 
have far more active stomachs than 
sophomores of 1926, and moreover at the 
very first examination we are able to 
demonstrate passage of contents through 
the pylorus within 2 minutes after swal¬ 
lowing food. But on the day of an ex¬ 
amination or under conditions of mental 
stress the student’s stomach once more 
relapses into the behavior pattern of the 
freshmen of 1925. 

Our first lesson in the study of gastric 
behavior then is its susceptibility to dis¬ 
turbance of emotional origin. That dis¬ 
turbance is elicited by mental stress of 
any kind, by incipient illness, by hurry 
or by physical fatigue. The unwisdom 
of eating much before hurrying for a 
train, entering an examination, attending 
a board meeting where trouble is brew¬ 
ing, when feeling ill or physically ex¬ 
hausted is explained in objective terms. 
The pylorus closes. Contents are banked 
up in the stomach, the organ remains 
awash and the sensation of heaviness, 
distention and acid risings result from 
impaired motor function. 

Some stomachs are much more prone 
than others to this disturbance of func¬ 
tion, the chief site of which is to be found 
in the pylorus. Moreover, the disturb¬ 
ance is apt to ensue from certain specific 
foods. These act as a trigger mechanism, 
inducing closure of the pylorus in a sen¬ 
sitive stomach. If the reaction is very 
vigorous, vomiting will ensue as nature’s 
method of relief. If, however, the re¬ 
sponse is less pronounced the victim con¬ 
tinues for a considerable time in a state 
of gastric discomfort until the pylorus 
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opens of itself or is tricked into opening 
by the administration of soda or some 
other medicine like belladonna or amyl 
nitrite or by a drug which used regularly 
to form part of the gastric “ sedative/’ 
namely, dilute prussic acid. 

A victim of this disturbed gastric func¬ 
tion experiences much more than mere 
distension. He may have pain and severe 
tenderness in the upper abdomen. Often 
he shows drowsiness, mental inefficiency 
and a tendency to abstraction or day¬ 
dreams. His temper may wear thin; he 
becomes irritable or he may have a pro¬ 
longed bout of sneezing and congestion 
m the head. Curiously enough, the 
pylorus may be opened by a good sneez¬ 
ing fit. There is an excellent digestive 
in pepper or in the snuff-mull which our 
ancestors handed round with the port 
after dinner. 

Vincent of Beauvais in 1250 A.D. ex¬ 
tolled the virtues of cinnamon and pep¬ 
per in curing disturbances of the stom¬ 
ach. It would be interesting to follow 
those irritable people of long ago who 
relieved their pent-up feelings and ful¬ 
filled their wild imagination by indulging 
in the spice wars to obtain those condi¬ 
ments so necessary for the comfort of 
their overworn stomachs. 

Evidently we must glance at the re¬ 
verse side of the picture, namely, the 
influence of the stomach on the mind. 
Samuel Johnson is a good example. His 
attack of nervous depression in 1766 was 
certainly of gastric origin. At any rate 
BoswelPs “Life” abounds in references 
to the influence of the stomach, which 
was constantly and acutely bringing 
itself to the doctor’s attention. There 
is no doubt at all of Johnson’s chronic 
indigestion with which often goes a bril¬ 
liance of imagery and creative thought. 
Benedick’s “quick wit and queasy stom¬ 
ach” remind us of the indebtedness of 
both literature and science to indigestion. 
Would Darwin have framed the theory 
of evolution had it not been for the 
imagery created by his chronic indiges¬ 
tion t Would Conrad have written his 


stories had the facts of his experience 
not been sharpened and amplified by ner¬ 
vous dyspepsia? How much of Poe’s 
tales of mystery and imagination were 
due to indigestion and how much to 
alcohol. It is so easy to ascribe to a drug 
the very talents which were in fact 
merely disordered by indulgence. For 
this attitude perhaps De Quincey’s “Con¬ 
fessions” are most to blame. He thrust 
upon us the suggestion of association 
from which commentators and critics 
have never been able to free themselves. 

Did Francis Thompson write “The 
Hound of Heaven” under the influence 
of opium or was it really his dyspepsia 
which “set the winds of inspiration blow¬ 
ing”? Could Coleridge’s “Ancient 
Mariner” really be due to indulgence in 
“the milk of paradise” which distorts 
the mental vision or was it actually a 
vivid drama from a keen and orderly 
imagination ? 

There is a paragraph in the biography 
of George Crabbe, quoted by Abrams in 
his recent essay to confirm the theory that 
morphia was responsible for Crabbe’s in¬ 
spiration. After Crabbe had experienced 
a fainting spell in 1790 a certain Dr. 
Club was called, who “saw through the 
case with great judgment.” “Let the 
digestive organs bear the whole blame; 
you must take opiates.” Abrams may 
be right, but it seems to me far more 
reasonable to link Crabbe’s genius with 
his constitution than with a poppy. The 
tumult and terrors of opium torment the 
imagination; they do not clarify it. 

So often we impute to violence the 
authorship of the momentous things in 
life. Restlessness intrigues us, but rest¬ 
lessness is not progress. Somewhere in 
Horace there is a sentence which calls 
to mind the fact that those who cross the 
sea change only their climate and not 
their minds. True progress is measured 
not by pushing ever wider the boun¬ 
daries of human effort but by deepening 
the fellowship of the spirit. 

Perhaps it is pointless to pursue this 
argument. Better leave it incomplete 
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and return to the main theme. Certainly 
some folk sparkle with wit about the din¬ 
ner table when others at the same meal 
drop off into somnolence, and one man’s 
meat is another man’s poison. One thing 
at least is certain. It is not from the 
torpidity of semi-poisoning or the dis¬ 
ordered mentality induced by drugs that 
brilliance flows, whatever may take place 
in lucid intervals. 

It took years of observation to make 
us realize that the phenomena we were 
observing in the activity of the stomach 
depend not alone on the state of mind 
but on the specific reaction of the stomach 
to what we put into it. Some people can 
not drink milk without disturbing their 
digestion. To others buttermilk is nause¬ 
ating. There are those who dare not 
touch an egg, who get a rash from straw¬ 
berries or break out in hives from what 
they call * 4 over-heating” foods. Just 
what goes on in the stomach when a food 
to which one is sensitive is swallowed we 
do not know. But some mechanism is set 
in action which, as part of its manifes¬ 
tation, closes the pylorus firmly, just as 
emotion does. There is no doubt that the 
abdominal distention and discomfort 
which follow, in some people, the eating 
of certain foods, results from closure of 
the pylorus and banking up of contents 
which are greatly increased by the flow 
of gastric juice. 

Of course this gastric juice really is 
elaborated from the blood, and fluid 
secreted in the stomach is actually with¬ 
drawn from the blood. Were there not 
a return flow to the blood stream by way 
of absorption from the bowel we should 
quickly become as dry as a mummy. But 
of this internal water circulation scarcely 
anything is yet known. By means of the 
x-ray we can watch the banking up of 
fluid in the stomach and its release when 
once again the pylorus is opened to per¬ 
mit its passage. 

So now we come to the question of what 
makes stomach contents pass into the 


duodenum. It is a rather arresting fact 
that, whereas saliva flows when we chew 
solid food but not when liquids are taken, 
gastric juice can be seen to pour into the 
stomach far more freely when liquid 
nourishment is swallowed. The device is 
obviously a flushing of the fluid through 
the stomach by the outpouring gastric 
juice. When solid food is swallowed 
peristalsis does act to some extent in 
passing it onwards, though the relatively 
small amount of gastric juice then 
secreted plays its part as a flushing agent. 
Whatever the food swallowed, liquid or 
solid, provided there is no emotional bar¬ 
rier and the stomach is not “sensitive” to 
the particular food swallowed, passage 
into the duodenum can be observed to 
commence within two minutes. It is cer¬ 
tain then that the long periods during 
which some foods are known to remain 
in the stomach merely indicate a sensitiv¬ 
ity m that person to that food. None of 
the 800 medical students whom we have 
investigated, unless his stomach has this 
disability, has ever been able to command 
a breakfast or a lunch which remains in 
the stomach more than an hour and a 
half. The popular notion that some 
foods remain longer in the stomach than 
others must be based, not on the healthy 
activity of the stomach, but upon a dis¬ 
ordered function due either to emotional 
influence or constitutional sensitivity 
registered in advance in dislike or in 
retrospect in discomfort. 

The conditions of our daily life formu¬ 
late for us, did we but know it, the 
limitations of our dietary and the artis¬ 
try of its application. For the stomach 
is a self-respecting organ which resents 
rough handling and manifests its dis¬ 
approval by local signs. If these are 
disregarded it dislocates the mechanism 
of the body, touches the mind and casts 
dismay into the spirit. The stomach may 
well be characterized as the organ of 
social adjustment. In it are reflected, as 
from it flow, the social blights or bless¬ 
ings of the time. 



YOU CAN’T TRAIN THE INTELLECT BEFORE 

IT ARRIVES 

By Dr. BENJAMIN R. SIMPSON 

PROFESSOR OF EDUCATIONAL PSYCHOLOGY, WESTERN RESERVE UNIVERSITY 


Of all the psychological gold bricks 
ever foisted upon a gullible public, there 
are few that can match the one which 
claims to make your baby into an intel¬ 
lectual giant by the right sort of training 
administered in the cradle. Here is the 
claim, or at least a part of it, presented 
as a study in black and white. 

There is no such thing as inheritance of 
capacity, talent, temperament, mental consti¬ 
tution and characteristics. These things depend 
on training that goes on mainly in the cradle. 
. . . Give me a dozen healthy infants, well- 
formed, and my own specified world to bring 
them up in, and I'll guarantee to take any one 
at random and train him to become any type of 
specialist I may select—a doctor, lawyer, artist, 
merchant-chief and, yes even beggar-man and 
thief, regardless of his talents, penchants, ten¬ 
dencies, abilities, vocations and race of his 
ancestors. 

There would be millions in it in tuition 
fees for any one who could fulfil this 
promise, but one hears of no stampede to 
open the necessary nursery schools to 
turn out the product. There might, how¬ 
ever, be something less desirable than 
millions as the net result if the claim 
turned out to yield fool's gold rather 
than the genuine article. The claim 
appears to be widely accepted outside of 
professional educational circles, but this 
acceptance seems to be for academic and 
theoretical purposes only. It is possible, 
too, that there is, tucked away in the 
inner recesses of the unconscious, a com¬ 
plex left over from earlier mental con¬ 
flicts, to the effect that all is not gold that 
glitters. And this seems to be effective 
even in spite of the wishful thinking 
which might tend to create an attitude 
favorable to acceptance of the alluring 


claim; for what fond dad is there but is 
willing to believe his very own infant 
capable of attaining to anything from 
Caruso to President, if only supplied 
with the opportunity that, unfortunately 
for the rest of the world, was denied to 
his dad ? 

II 

But what problem is there which 
should be of greater concern than the 
possibilities of human development ? 
And why should not at least as much 
care and consideration be given to it as 
to the possibilities of improving automo¬ 
bile construction? As a parent one is 
and ought to be concerned as to the 
means by which his children may develop 
to best advantage. What are the possi¬ 
bilities at each stage of development— 
infancy, childhood, adolescence, adult¬ 
hood? What are the phases of develop¬ 
ment which are attainable at successive 
ages ? What are the limits, if any, to the 
mentality, the personal and social assets 
which may ultimately be developed by 
any given individual? These are ques¬ 
tions worthy of the most careful investi¬ 
gation by the most competent scientists 
available. 

For the professional educator, whether 
in the capacity of teacher, superinten¬ 
dent, university professor or United 
States Commissioner of Education, the 
problems of possibilities and limitations 
of learning and development loom large 
in significance. One's beliefs on such 
things largely shape his educational poli¬ 
cies, and therefore it is important that 
those beliefs should be founded upon fact 
and not upon wishful thinking nor upon 
unwarranted claims. 

Nor is the situation different in the 
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case of the would-be philanthropist who 
seeks to lessen the human distress and 
the tremendous economic waste involved 
as direct and indirect results of feeble¬ 
mindedness, degeneracy and crime. 
What can be done about it? Will slum 
clearance reform a community ? Is it the 
physical structure which determines the 
quality of the home, or is it the character 
of the people in it ? Will improved edu¬ 
cational facilities abolish crime and de¬ 
pendency in normal times? These prob¬ 
lems are of vital significance to all parties 
concerned. 

When an influential educator con¬ 
fronts a superior group of young people, 
how tempting it is for him to claim them 
as the product of the schools whose inter¬ 
ests he is fostering. But how about the 
morons and the delinquents and the in¬ 
curably shiftless who are also the product 
of the same educational system? One 
could wish that every influential citizen 
were familiar with the outstanding prob¬ 
lem which confronts our schools—the 
problem of individual differences. Visit 
a class of the intellectually subnormal, 
and then visit one of the major-work 
classes for the intellectually gifted in our 
city schools, and you will get a picture 
that will not soon be forgotten. The 
contrast to the uninitiated is astounding. 
Nor does the matter become any simpler 
when one realizes that some of the most 
capable principals and many of the most 
competent teachers are to be found in the 
schools where the educational product is 
the most deplorable. The fact of the 
matter is that the educational facilities 
in a large cosmopolitan city, in the way 
of equipment and teacher personnel, do 
not vary greatly from one school to an¬ 
other. They play no favorites in a large 
oily school system, but provide as best 
they may the educational opportunities 
most suitable to all. In fact, until recent 
years the schools attempted unwisely to 
provide the same opportunities for all. 

When the farmer has drained the 
swampy places in a field and fertilized 


the barren spots till all parts are nearly 
on a par in productivity as a result of 
improved nurture, it is not variation in 
the cultivation that is responsible for the 
wide range of the product—potatoes, 
cabbage, ragweed, little wild strawber¬ 
ries, large luscious strawberries, maple 
trees, red roses, dandelions or what not. 
One does not grow figs from thistles. A 
horseman does not attempt to produce a 
race horse from a Clydesdale colt by any 
miracle of early training. He believes 
that whatever of training skill he has will 
be expended to better advantage if he 
selects a colt of race-horse heredity upon 
which to expend it. 

And if the farmer wishes to restrict 
his planting to one species of product, 
say strawberries, he gives careful atten¬ 
tion to the matter of heredity in his 
planting He does not plant any and all 
vines that happen to be strawberry vines. 
On the contrary, he practices eugenic 
principles shamelessly. He eliminates 
the poor little sour strawberries alto¬ 
gether and plants only those vines which 
have the finest heredity. On this basis 
he predicts large, fine-flavored berries 
with comparatively little variation in the 
product, and he gets them. He believes 
in having his fruit well born. He is not 
sentimental about it, because it is the 
quality of the product with which he is 
concerned. He does not save even a ran¬ 
dom sampling of the poor little sour 
strawberries. With the quality of the 
soil remaining constant, and the cultiva¬ 
tion unchanged, he has greatly restricted 
the range of his product and improved 
the quality permanently, merely by giv¬ 
ing attention to the heredity factor—the 
seed planted. 

Ill 

One who studies the situation in the 
schools of one of the large cities will find 
a greater range of product in a single 
school than could be found on a farm 
where no attention was given to selection 
of the seed to be planted. Some farmers 
still grow many small potatoes as well as 



348 


THE SCIENTIFIC MONTHLY 


large ones, and it takes more small pota¬ 
toes to make a bushel than if the potatoes 
are large. But how many morons does 
it take to make a genius ? Rather, what 
proportion of the energies of the genius 
must be spent to help provide for the 
moron? Morons as a class are a heavy 
liability. It is doubtless true, however, 
that the large majority of people, includ¬ 
ing some in professional circles" accept 
in theory the belief that it is the nature 
of the environment which largely deter¬ 
mines the kind of person produced. This 
view is the one which fits in well with 
convenient interpretations of democracy. 
It is well voiced by Wat Tyler, who led 
the Peasants’ Revolt in the reign of 
Richard II in England: 

When Adam delved and Eve span, 

Who then was the gentleman ? 

People who were born into a feudal 
system of society were seriously and un¬ 
justly handicapped thereby. Those who 
have no opportunity to learn to read or 
to write are largely shut out from con¬ 
tact with the intellectual inheritance of 
the ages. They are seriously curtailed in 
the development of the hereditary abili¬ 
ties which were potentially theirs. But 
that is not the story here under consid¬ 
eration. There are not to-day the wide 
differences in educational opportunity 
which characterized the Middle Ages. 
In a large modern city, elementary and 
secondary schooling are provided for all. 
Indeed the law requires all to attend 
school until they are sixteen or eighteen, 
so that each may get whatever his abili¬ 
ties enable him to get. 

But the phase of Tyler’s rhyme which 
is of interest in this connection is its 
implication that descendants of the same 
remote ancestors, members of the same 
species, are equal in their possibilities of 
learning and development. I am re¬ 
minded of the moron who gave a welcom¬ 
ing hand to his former schoolmate in the 
village school, who had just returned 
home as a newly graduated M.D. “ Jim, 


ye looks swell,” grinned the moron. “I 
wish now I’d ’a stuck to school like you 
done. Jist see where I’d ’a been to-day 
’stead ’a hoein’ turnips.” 

In my judgment there is no implica¬ 
tion in the whole realm of educational 
theory which is more fundamental than 
this. If one infant can be educated to 
become as able and as worthy a citizen 
as any other infant, then why under 
heaven do we tolerate an educational 
system which regularly develops one or 
two per cent, into morons or lower, one 
or two per cent, into highly gifted intel¬ 
lects, and the rest into varying degrees 
of mediocrity ? Why does this distribu¬ 
tion of human abilities correspond so 
closely to a normal probability curve, to 
which so many things in the biological 
world conform in their distribution of 
individual differences? If the produc¬ 
tion of Newtons and Edisons and George 
Washingtons depends on training which 
goes on mainly in the cradle, then why 
doesn’t some one bring back the cradle! 
Most experienced teachers of unselected 
school children know the answer to this 
question as a result of their experience. 
Experts in educational psychology know 
the answer given by well-controlled scien¬ 
tific experiments carried out within the 
past few years. The evidence is there 
for those who have the time and the 
energy to dig it out. We shall come to 
it presently, but first the historical back¬ 
ground of the commonly accepted view 
deserves consideration. 

IV 

Whatever may have been the influence 
of such men as Wat Tyler, Rousseau and 
would-be philanthropists from time to 
time who have tried to eliminate the 
criminal, the moron or the irresponsible 
incompetent by some utopian plan of 
education, it was the English philosopher 
of the seventeenth century, John Locke, 
who was mostly influential for at least 
two centuries in shaping the opinion in 
the universities with regard to the value 
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of mental training. Loeke took what 
seemed superficially to be self-evident, 
made it articulate and gave it the weight 
of scholastic authority. Who has not 
noticed that the right arm of the black¬ 
smith becomes strong by exercise ? What 
observant man of the eighteenth or nine¬ 
teenth century could fail to see that it 
was, for the most part at least, the men 
who took classics and mathematics in the 
universities who became the most accom¬ 
plished intellects of the age ? Was it not 
the exercise required in mastering those 
difficult subjects which made them intel¬ 
lectually strong? Up to the beginning 
of the present century it was unques¬ 
tioned educational theory that it was the 
mental stunts practiced in college which 
increased the power of the mind as a 
whole, or increased the power of more 
specific faculties of the mind such as the 
memory, the judgment, the reasoning 
powers and the imagination. 

But at the beginning of the present 
century, this disciplinary theory of edu¬ 
cation received a shock at the hands of a 
pair of young psychologists from which 
it never recovered. When tested experi¬ 
mentally by Thorndike and Woodworth 
in 1901, it was foumf that mental exercise 
did not improve the mind as a whole, nor 
even the more specific faculties in any 
such wholesale fashion as the old disci¬ 
plinary theory of education had assumed. 
A new educational psychology was in the 
making. Mentality was put into the 
crucible. The battle waxed hot. But all 
along the line opinion and the arm¬ 
chair philosophy of the old school had 
to give way before the experimental evi¬ 
dence presented by the new school, which 
demanded the right to examine the basis 
for the assumptions of the past. Things 
began to happen in several different fields 
closely related to educational theory and 
practice. The school administrator be¬ 
gan to press seriously for an accounting 
of the expenditure of school funds in 
terms of educational product. Why were 


many children retarded a year, others 
two years and still others three or more 
years, in the very same schools in which 
other children did the expected require¬ 
ment of one grade per year without loss 
of time? The waste of the taxpayers * 
money as a result of retardation in the 
schools was put into the limelight and 
laid upon the doorstep of the educa¬ 
tional psychologist for solution. Why 
shouldn’t all progress at the same rate 
when they had the same teachers ? 

The problem was just as insistent in 
the schools of Paris as it was in the 
schools of American cities and, as it hap¬ 
pened, Alfred Binet, working under the 
stimulation of the school board of the 
city of Paris, was the first to offer an 
answer that was reasonably convincing. 
His means of demonstration was the 
Binet scale for the objective measure¬ 
ment of intelligence. His answer was 
that children vary enormously in their 
inherent capacities for learning and that 
such differences must largely determine 
the rate of learning to be expected. 
Moreover, it appeared that individual 
differences in ability to learn were highly 
stable as well as wide in range and that 
they must be taken into account in all 
educational policy. 

Meanwhile Terman, Thorndike, Nors- 
worthy and others had been working on 
the same problem, and were precisely in 
line with the findings of Binet, and all 
set to profit very rapidly from his stroke 
of genius in putting the results of many 
years of experimentation with intelli¬ 
gence testing into workable form. Under 
the leadership of Thorndike, tests for the 
objective measurement of school achieve¬ 
ment began to be constructed in accord¬ 
ance with the best-known statistical prin¬ 
ciples. Once the pattern was set and the 
matter given national publicity, the con¬ 
struction and use of such tests progressed 
by leaps and bounds. Experimentation 
in school problems by the aid of these 
new tools for measurement of mental 
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ability and of school achievement pro¬ 
ceeded with surprising rapidity. In 
fact, the growth was somewhat too rapid 
for the good of the cause, although the 
leaders made every effort to put on the 
brakes and to keep the movement within 
due bounds. By and large, however, the 
general upshot has been the most notable 
advance within the last quarter "of a cen¬ 
tury that has ever been recorded in the 
history of education in a like period of 
time. The advancement, particularly in 
the last five years, has been tremendous, 
and it has included very important work 
on the heredity-environment problem. 

It took a Darwin to make it clear that 
man is an animal in every sense of the 
word and, as such, subject to the same 
biological laws of heredity and environ¬ 
ment as other forms of plant and animal 
life. The first man of genius to investi¬ 
gate the laws of inheritance in plants was 
an Austrian monk named Mendel. Men- 
delian principles of heredity remained 
practically unnoticed for three decades, 
but finally came into their own about 
1900. The science of genetics, which 
seeks to unravel the laws of inheritance 
in plants and animals, has developed with 
great rapidity, especially since 1915. It 
is impossible to summarize the findings 
of a whole new science in a few words. 
However, some of the incontestable facts 
brought to light are that the wide range 
and the distribution of the differences 
found within a species under ordinary 
conditions are to be explained in terms 
of differences in heredity—differences in 
the chemical packets called chromosomes 
which are contained in the fertilized 
seed or egg from which the plant or ani¬ 
mal developed. These chromosomes are 
paired, one member of the pair always 
being supplied by the female egg-cell, 
and the other member by the male sperm¬ 
cell which fertilized it. The male sperm¬ 
cell in man is so small that it requires a 


high-powered microscope to see it. It is 
made up almost exclusively of twenty- 
four chromosomes. One of these chromo¬ 
somes contains the factor which deter¬ 
mines the sex of the individual to be. 
The progeny on the whole resembles the 
father as much as it does the mother. 
And yet this sperm-cell, microscopic as 
it is in size, is absolutely unique in the 
chemical packets it contains. It has 
thrown away exactly half of those which 
made up the inherited constitution of the 
father, and has kept a combination as 
unique as the hand one receives in a deal 
in bridge. Moreover, the resulting com¬ 
bination of chromosomes is the result of 
a chance shuffle, just as the hand of cards 
is due to chance arrangement determined 
by the shuffling of the pack of cards. 
The same is true of the egg-cell which 
likewise becomes half of the inherited 
constitution of the new individual. 

Thus genetics explains why it is that 
two brothers never have the same heredi¬ 
tary constitution and why so-called 
“identical twins’* do have the same or 
nearly the same hereditary constitution. 
Identical twins are descended from a 
single fertilized egg which has split into 
two, while two brothers are descended 
from two different eggs, each having its 
own individual combination of chromo¬ 
somes. On the whole, children resemble 
their parents to an extent indicated by a 
coefficient of .50, where a coefficient of 
one would represent identity, and a coeffi¬ 
cient of zero would represent no greater 
likeness than in people of no blood rela¬ 
tionship. 

The significance of all this for educa¬ 
tional theory lies in the fact that indi¬ 
vidual differences in inherent nature are 
to be expected, even in the case of chil¬ 
dren of the same parents, and that in¬ 
comparably greater differences are to be 
expected in the children of parents who 
vary widely in hereditary endowment. 
With toinor exceptions due to special 
causes such as injury occasioned at birth, 
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the difference between the genius and the 
moron is to be accounted for in the main 
by differences in hereditary constitution. 

VI 

But meanwhile there have been other 
influences on the educational horizon 
which have made the situation difficult to 
evaluate, particularly for the non-profes¬ 
sional. First came Freud with his cases 
of emotional complex which he explained 
as the result of early experiences, often 
long since forgotten in the ordinary sense 
of the word. And if such experiences 
upon investigation turned out to be in¬ 
adequate to explain the mental disorder, 
Freud was not disconcerted thereby. 
On the contrary, he merely sought the 
causes in still earlier experiences in 
babyhood or infancy. One sometimes 
suspects a case of retreating to still more 
inaccessible strongholds as the original 
ramparts become untenable. One is re¬ 
minded in this connection of the duckling 
that was inadvertently hatched by a hen 
along with a brood of chicks. Every¬ 
thing went well until one day in their 
wanderings the hen and her brood en¬ 
countered a pond. The chicks behaved 
as properly reared chicks should, but the 
duckling was so delinquent as to take 
immediately to the water, thereby caus¬ 
ing the disconcerted foster-mother no end 
of concern for the unbecoming conduct 
of her foster offspring. One suspects 
that the environment often gets the 
blame for a lot of things which can hardly 
be charged exclusively to its account. 
Who knows but that the pond, instead 
of being the cause of the duckling’s down¬ 
fall, was in reality the lucky chance that 
saved the poor duckling from heading 
directly for a nervous breakdown, which 
would ultimately have required the ser¬ 
vices of a duckling psychiatrist 1 At any 
rate, many will doubtless prefer to think 
that original nature had something to do 
with the fact that the same environment 
which led to the downfall of the duckling 


in the eyes of the foster hen, produced no 
such effect upon the chicks. Both Freud 
and Watson, in their cocksure pronounce¬ 
ments about the influence of early ex¬ 
periences, might well weigh the matter 
of individual differences in inherited 
constitution, as illustrated by the matter 
of the duckling and the pond. 

Before the opening of the present cen¬ 
tury, Thorndike had achieved notable 
results in the study of learning expressed 
in objective terms in conformity with his 
well-known S - R formula, later used to 
good advantage by Pavlov. Thorndike 
always emphasized the fact that it was 
a highly complex organism which re¬ 
ceived the stimulus and that the nature 
of the organism always had much to do 
with the character of the response. The 
implied formula was S - 0 - R, with the 
“ 0 ” written large. But in the hands of 
Watson at a later date, the stimulus 
became the all-important factor. The 
organism was forgotten, and from his 
point of view it was the stimulus, that 
is the environment, which was respon¬ 
sible for the behavior which ensued. By 
1917 Watson began to attract wide at¬ 
tention as a result of the experiments he 
had performed on the emotional learning 
of babies in a maternity hospital. He 
found that native responses were almost 
non-existent in the infant, and that it 
could easily be taught to exhibit the fear 
response to objects originally attractive 
in character. Watson interpreted these 
experiments as indicating that the infant 
is capable of rapid learning, that he can 
be shaped in any way desired by early 
training and that “There is no such 
thing as inheritance of capacity, talent, 
temperament, mental constitution and 
characteristics. These things depend on 
training that goes on mainly in the 
cradle.” 

Unfortunately, Watson soon ceased to 
be a university professor and became a 
professional advertiser, and his conclu¬ 
sions began to spread far beyond his data. 
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Also, unfortunately, his experiments on 
babies fell far short of meeting ordinary 
scientific standards. 

Watson’s general arguments in sup¬ 
port of the potency of environment to 
the exclusion of the hereditary factor 
may be dismissed with very brief com¬ 
ment. As for the suggested view-point 
of the anthropologist to the effect that 
man’s nature and inherent capacity were 
about the same “many millions of years 
ago ’’ as they are to-day, and the implica¬ 
tion that the differences between primi¬ 
tive man and civilized man are due to 
differences in the environment, one may 
well raise the question as to the nature 
and reliability of the evidence that man’s 
nature and mental ability were the same 
many millions of years ago as to-day. If 
one skull is found of the millions of 
primitive men of a given age, what statis¬ 
tician will assure us that the one will be 
a reliable average of them all ¥ And even 
if it were a reliable average, what psy¬ 
chologist will venture to give us a re¬ 
liable measure of the intellectual capacity 
of such an individual on the basis of the 
measurements of his skull? Such argu¬ 
ments are hardly the kind of thing one 
would expect from an ultra-scientific 
experimental psychologist. 

As for the sociological argument that 
a favorable environment may change a 
group or a nation to a cultural level far 
beyond that previously attained, the edu¬ 
cator can agree most heartily. Surely 
the educator may be expected to believe 
in the potency of a favorable environ¬ 
ment when that is what he makes it his 
professional business to supply. But this 
is beside the point. It does not touch the 
perplexing problem of individual differ¬ 
ences at all. The improvement of the 
general average of a race as a whole does 
not bring about equal improvement for 
every member of the race or group. The 
moron is still with us in the finest educa¬ 
tional system that any one has been able 
to devise. In fact, the intellectual differ¬ 


ences between individuals become still 
wider as the educational opportunity is 
improved for all. The idiot remains an 
idiot, no matter what the environment in 
which he is reared, whereas the genius 
is able to capitalize fully upon his learn¬ 
ing capacity only under conditions most 
favorable to the full exercise of his 
superb learning capacity. The damage 
is done by the implication that all infants 
are alike. 

But the part of Watson’s contention 
which requires most critical considera¬ 
tion is the experimental evidence which 
he claims to have secured in support of 
his conclusions. Following out the sug¬ 
gestion of Thorndike made in 1898 that 
“More fruitful than a host of question¬ 
naires would be a set of experiments on 
children from birth on, in circumstances 
where their experience of, and instruc¬ 
tion about things, could be regulated and 
its influence as a disturbing factor com¬ 
pletely known,’’ Watson nearly two 
decades later undertook to investigate 
the unlearned behavior of infants, and 
the aptitude of one or more of them to 
learn and unlearn fear responses. The 
infant exhibited the fear response well 
enough. Most any animal will do that. 
And wild animals have to be able to 
switch that response to different objects 
readily enough too if their chances of 
survival as individuals are to be worth 
much. Rats quickly learn to fear a trap 
that goes off with a zip and a bang. 
They don’t need to be highly intellectual 
to do that. The shock will do the trick. 
It may be that the neural apparatus 
brought into action is lower down than 
the precious gray matter which the high¬ 
brow is supposed to employ. At any rate 
such learning is not necessarily an indi¬ 
cation of future ability to learn calculus, 
provided behavioristic training is given 
in the cradle. In fact, one trouble with 
many humans is that they are too apt at 
learning fears, most of which are highly 
irrational. And all too frequently these 
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block the way to the intellectual learning 
that the educational fraternity would 
like to see. 

Watson was right enough in noting 
that here was learning that needed no 
mind, or at least a minimum of mind. If 
only he had realized that there might be 
different kinds of learning! For in some 
respects the learning of the chick or the 
rat seems to be different from the learn¬ 
ing hopefully looked for in the classroom. 
One of the cardinal principles of scien¬ 
tific procedure, however, is to limit one's 
conclusions to the data under considera¬ 
tion. Immature minds tend to jump at 
conclusions. What a pity that Watson 
did not caution his readers that he was 
dealing with the most primitive form of 
emotional response and that this behavior 
might have little relaton to “capacity, 
talent, mental constitution and character¬ 
istics”! 

Now as to Watson’s conclusion that 
there is no such thing as inheritance of 
capacity because he finds little in the way 
of unlearned behavior at birth. Does it 
therefore follow that everything charac¬ 
teristic of adult behavior must be ex¬ 
plained exclusively by learning f On 
this basis Spalding, working in 1875, 
would have been justified in denying that 
capacity for flight in birds is inherited. 
There was certainly no such capacity in 
evidence when the birds were hatched, 
and on the other hand ordinary observa¬ 
tion gave every indication of gradual 
learning to fly on the part of the fledg¬ 
lings. But even at a date which is cred¬ 
ited with being about four years in 
advance of the birthday of psychology 
as an experimental science, Spalding was 
too good a scientist to jump to such a con¬ 
clusion without actual testing of other 
possible explanations. He eliminated the 
possibility of learning to fly by keeping 
a brood of swallows in cages too small for 
them to lift their wings, and then released 
them when the appropriate stage of mat¬ 
uration had been reached. They flew 


unaided, but there were marked indi¬ 
vidual differences in the effectiveness of 
their first attempts at flight. Some flew 
off with a sudden and amazing skill, one 
in particular flying right off out of sight, 
never to be seen again. 

These experiments were repeated with 
different broods, and later repeated on 
three different species of birds. They 
proved conclusively that flight in birds 
must wait for the maturation of the 
motor and neural structures needed in 
flight, and that when that point is 
reached learning is unnecessary to ex¬ 
plain a very creditable degree of per¬ 
formance. If this is what is meant by 
instinctive behavior, then birds such as 
these can fly instinctively. In other 
words, some capacity for such behavior 
is inherited. Moreover, when there is 
something there with which to practice 
as a result of maturation of inherited 
capacities, learning may proceed from 
that point. 

In spite of much emphasis upon both 
maturation and individual differences in 
relation to learning on the part of later 
experimenters, Watson in his experi¬ 
ments with infants entirely ignored the 
possible influence of both. Many experi¬ 
ments, especially within the past few 
years, have demonstrated beyond doubt 
that a great deal of early behavior which 
superficial observation is prone to attrib¬ 
ute to learning, turns out to have been 
almost or entirely uninfluenced by such 
“learning.” Even in cases where the 
learning seems at first to be effective, the 
effect turns out to be superficial and 
temporary, with no permanent improve¬ 
ment in the capacity exercised at this 
premature period. For example, Oates, 
experimenting with carefully matched 
groups of five-year-old children, has 
shown that continued training in memory 
span over a period of five months resulted 
in marked improvement, but that the im¬ 
provement had entirely disappeared four 
and a half months later. There was no 
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evidence that the continued practice had 
increased any fundamental capacities. 
The control group which had had no 
training did just as well as the specially 
trained group. The same has been found 
to be true of motor functions, of linguis¬ 
tic development and of mental develop¬ 
ment in general by Gesell, Strayer, Hil- 
gard, Goodenough and many others. The 
essential point seems to be that one can 
not develop an ability which is not yet 
there. To do so smacks too much of 
creation, and creation is for the almighty 
or the near-almighty. That is precisely 
the difficulty under which one labors in 
trying to educate an idiot. There is 
nothing there to work on. Maturation 
has had its chance, and nothing worth 
speaking of has materialized. 

One can agree with Watson readily 
enough that there isn’t much if anything 
there in the way of inherited capacity of 
an intellectual sort m early infancy. 
And again it is a pity that he did not 
have the patience to wait and test again 
at a later date. The development of the 
human organism has its beginning some 
nine months before the event of birth, 
and continues to mature for possibly as 
much as two decades after birth, depend¬ 
ing upon the race and the individual. 
Why should birth be singled out as a time 
when hereditary factors might be as¬ 
sumed to cease to operate all of a sudden 
in shaping development, especially in 
view of the fact that birth takes place at 
variable ages and stages of development ? 

Now to come to the matter of Watson’s 
discovery of the lack of individual differ¬ 
ences in intelligence in early infancy. 
The fact itself is not to be denied. With 
nothing in the way of intellectual ca¬ 
pacity yet discernible m any infant, one 
could hardly hope to find individual dif¬ 
ferences therein! But what is the ap¬ 
proved technique for determining indi¬ 
vidual differences in intelligence? The 
only means relied upon by professionals 
is the use of a standardized scale for the 


measurement of intellectual capacity. 
But Watson, being an animal psycholo¬ 
gist and not an educational psychologist, 
was possibly unaware of the need of such 
a tool for this purpose, or of the fact that 
there is no such test available for use in 
early infancy, for the good and sufficient 
reason that there is practically no men¬ 
tal behavior there to be tested at so im¬ 
mature an age. What behavior there is 
is almost entirely sensory-motor in char¬ 
acter rather than intellectual. 

To consider the positive side of the 
picture, what evidence can any one pro¬ 
duce of intellectual training given in the 
cradle period that ever produced any 
permanent intellectual development ? 
Much rhetoric has been expended in an 
attempt to prove the plasticity of in¬ 
fancy, but little if anything has been 
advanced in the way of evidence in sup¬ 
port of this glamorous claim. If plas¬ 
ticity means modifiability or ability to 
learn, then early infancy would seem to 
be about the most unfavorable time of 
all, at least in the way of intellectual 
learning. Who is there among my read¬ 
ers, either of the gentler or of the more 
masterful sort, who will undertake to 
develop in the infant anything of intel¬ 
lectual significance during say the first 
three weeks after birth or even the first 
three months ? To begin with, the infant 
is asleep a good deal of the time, though 
this should not greatly interfere with 
behavioristic learning which is indepen¬ 
dent of consciousness anyway. Cer¬ 
tainly one can not teach the infant to 
talk at that age. How then is one to 
communicate any information? Surely 
this fantasy of prodigious learning which 
goes on mainly in the cradle must be rele¬ 
gated to the attic where most cradles are 
now to be located, if indeed they are not 
already in the discard. Experimental 
evidence all along the line has brought 
to light more and more the barriers to 
most kihds of learning at the earliest 
stages, and the gradually increasing ca- 
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pacity for learning up to age eighteen 
or beyond, rather than increasing capac¬ 
ity for learning as one approaches the 
date of birth. 

VII 

In view then of the assertions of 
Freud and of Watson from the outside of 
the educational circle that early experi¬ 
ences and training account for the dif¬ 
ferences in people, and of the persistent 
and rapidly accumulating evidence of 
the striking stability of inherited differ¬ 
ences in intellectual capacity on the part 
of professional workers within the edu¬ 
cational circle, is it any wonder that 
Terman in 1924 issued his educational 
broadcast calling for competent investi¬ 
gators everywhere to get down to busi¬ 
ness in an effort to solve the nature- 
nurture problem by a crusade of 
scientific exploration ? The answer to the 
call materialized in February, 1928, as 
the two-volume Yearbook of the National 
Society for the Study of Education. 
The thirty-nine experimental studies and 
discussions finally accepted for publica¬ 
tion in the Yearbook were restricted to 
just two considerations: ‘ 4 Nature and 
Nurture, Their Influence upon Intelli¬ 
gence,’’ which constituted Volume I, and 
“Nature and Nurture, Their Influence 
upon Achievement,” which constituted 
Volume II. No serious student of edu¬ 
cational policy can afford to remain in 
ignorance of the essential contributions 
contained in these two volumes. Many 
of the experimental studies reported are 
highly technical and not to be mastered 
without careful study. However, the 
two most extensive studies, the Califor¬ 
nia study sponsored by Terman and the 
Chicago study sponsored by Freeman, 
have to do with the effects of training 
given to adopted children. They remind 
me of a case which came under my obser¬ 
vation some years ago. A philanthropist 
of considerable means, with whom I was 
well acquainted, adopted an infant son. 
The mother had died and the father was 


a good-natured, sociable but irresponsi¬ 
ble ne’er-do-well with alcoholic tenden¬ 
cies. The philanthropist had a son of his 
own, a year or two older than the 
adopted son. Both boys in due time at¬ 
tended the same private school. But by 
the time the adopted son had reached the 
seventh grade, it became apparent that 
little was to be gained by keeping him at 
school any longer. By the time he was 
sixteen, he was detected taking small 
sums of money which did not belong to 
him, and using the money to treat his 
cronies to smokes and sweets. In tem¬ 
perament, intellectual capacity, sociabil¬ 
ity and even m manner of gait he was 
strikingly like his natural father, whom 
he had seldom seen. He later enlisted in 
the navy, while the natural son went on 
to college. 

Here was an instance of two boys of 
very different heredity, both of whom 
from early days had been favored with 
essentially the same educational and 
social opportunities, and yet in spite of 
the similar if not identical environment, 
both developed largely in accordance 
with their own inherited natures, like the 
contrasting varieties of strawberry 
raised in the same field. Cultivation 
undoubtedly did something for both 
boys, but much more for the one than it 
was able to do for the other. Of course 
a single case such as this is in itself un¬ 
convincing. It may not be representa¬ 
tive, and it lacks scientific rigor. It is 
merely suggestive and illustrative. The 
matter is put to the test of experiment in 
the California and the Chicago studies. 
Here the attempt is made to estimate or 
to measure the rise in the intelligence of 
adopted children when reared in supe¬ 
rior homes, and the degree of resem¬ 
blance of adopted children to their foster 
parents, as compared with the resem¬ 
blance of true children to their own 
parents. The two studies agree quite 
well in part. They find that the rise in 
I.Q. as a result of being brought up in a 
superior foster home is limited to about 
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six to nine points. As to the remaining 
data the studies diverge considerably in 
interpretation. The California study 
finds about 17 per cent, of the variation 
which takes place in intelligence under 
ordinary circumstances is due to the en¬ 
vironmental factor, while 75 or 80 per 
cent, is due to the hereditary factor. 
The Chicago investigators, on the other 
hand, interpret their data as indicating 
that the environmental factor appears to 
be a decidedly potent one in determining 
intellectual development, or at least that 
it is by no means a factor of minor 
importance. 

However, of all the studies reported 
in the Yearbook, the Chicago experiment 
stands out as the striking exception in 
this conclusion. The general conclusions 
may be summarized in part in the words 
of the editor of the yearbooks, who is also 
the permanent secretary of the society, 
as follows: 

Various human traits do not behave alike, and 
the relative influence of heredity and environ¬ 
ment is something to be determined indepen¬ 
dently for each of the numerous traits that we 
Btrive to influence in the home and in the school. 

No one who reads the yearbook can put it 
away with the conviction that general intelli¬ 
gence is an absolutely fixed, immutable, innate 
capacity, but neither can one put it away with 
the conviction that general intelligence is readily 
susceptible to environmental influences. 

It is my impression that the data assembled 
emphasize the preponderant role of intelligence 
m conditioning school achievement. The Twen¬ 
ty-Seventh Yearbook strengthens the contentions 
of those who, speaking in hyperbole, are termed 
1 hereditarians . 9 The Yearbook so far as I can 
perceive, affords not a single straw to be clutched 
at by those extreme environmentalists who deny 
in toto the inheritance of intellectual disposi¬ 
tion, and who would have us educational work¬ 
ers accept the staggering doctrine that, if we 
only knew our business, we could make of any 
child whatever we wished, even to fashioning 
of the proverbial silk purse from the sow *s ear. 

More recent investigations, notably 
those of Leahy at the University of 
Minnesota and that of Lawrence in 
England strongly support the conclu¬ 
sions of the California study. In short, 


recent data indicate in quite convincing 
fashion that the inherent intellectual 
capacity of an individual can not be very 
greatly increased by any known means 
of mental training at any period of men¬ 
tal development, and that under present 
educational conditions, the differences in 
ability and in achievement between 
school children are due to a far greater 
extent to differences in inherited nature 
than to differences in environment or in 
educational opportunity and training. 

There are some indications that differ¬ 
ences in personality traits may also be 
due to a considerably greater extent to 
inherited nature than to common differ¬ 
ences in training, though the data on 
this point do not warrant any definite 
conclusion. Yet there is probably enough 
to make it advisable to suggest to the 
criminologist who is sure that an un¬ 
favorable environment is the whole 
cause of the career of the criminal that 
it would be advisable for him to recall 
the episode of the duckling which took to 
the pond, and to investigate the possibil¬ 
ity of the inherited factor existing as a 
potential cause of at least certain types 
of crime, before being too sure that 
superficial indications tell the whole 
story. Certain it is that present theories 
of crime and methods of treatment based 
thereon can hardly be enthusiastically 
supported on the basis of their success in 
securing desired results. 

VIII 

One wonders how long it will be before 
those who behold the wonders that have 
been performed in plant cultivation and 
in animal breeding by more or less whole¬ 
sale application of the principles of eu¬ 
genics, will continue to stand aghast at 
the very thought of considering their 
possible application in human affairs in 
even the slightest degree. One wonders 
how long public lecturers, who readily 
admit the vast improvement which has 
taken place in stock raising by elimina¬ 
tion of the most unfit by selective breed- 
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ing, will continue to argue that it would 
be out of the question to improve the 
human race by the application of eugenic 
principles anyway, because one does not 
know which are the best human beings 
and which are the poorest I One might 
at least venture to hazard a guess that 
there are a few specimens whose pattern 
might be dispensed with without too 
much danger of loss on the part of future 
generations; and on the other hand that 
there are many whose progeny would be 
a very good bet to stand well above the 
average in many desirable traits. How¬ 
ever, there is a ray of hope in the fact 
that public attitudes on other considera¬ 
tions have sometimes changed almost 
over night, as for example on the matter 
of woman suffrage. 

In the last fifty years, a large part of 
the possible improvement of intellect by 
improvement of public educational 
facilities has already been accomplished. 
We are like the farmer who has drained 
the low spots on his farm, and fertilized 
the barren places, and cultivated the 
whole farm to the best of his ability, but 
still continues to plant any old seed with 
never a thought as to whether he might 
now turn his attention to improvement 
of his product by the simple expedient 
of more judicious selection of the seed to 
be planted, to the point at least of declin¬ 
ing to plant seeds most likely to prove 
harmful, or of favoring the selection of 
seed most likely to give rise to the more 
desirable products—assuming of course 
that the human product is worthy of at 
least as much consideration as strawber¬ 
ries or cattle. 


It goes against the grain to believe that 
men are not born equal, but it is true 
beyond doubt. Neither is it indicative of 
abnormality for an individual to have 
potential ability much above the average 
or much below the average. It is not 
abnormal to get a hand of bridge with 
a ten spot high occasionally, nor one with 
at least three aces. Just such combina¬ 
tions may happen in the distributions of 
chromosomes, even when the chromo¬ 
somes from which the selection is made 
are the same, as is true in the case of chil¬ 
dren of the same parents. Such combi¬ 
nations are the result of natural forces 
just as much as are the combinations 
which occur more frequently, but it does 
not follow that the most unfortunate 
combinations need to be perpetuated 
eternally just because they occur, nor 
that the world's greatest assets deserve 
no thought toward their perpetuation. 

It goes against the grain to have the 
outsider, the back-seat driver, tell one 
exactly how matters stand and what 
ought to be done about it. It takes per¬ 
sistent and usually thankless effort to get 
people away from accepting what has lit¬ 
tle or nothing to support it but wishful 
thinking. It is difficult to acquaint the 
general public with the facts laboriously 
brought to light by painstaking scientific 
research. How effective by way of com¬ 
parison are the methods of the popular 
advertiser! And yet in the long run it 
is well worth the effort, for what but the 
truth may be relied upon to guide human 
effort so that the labor of millions may 
not be spent for that which is vain. 
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It is a characteristic of human experi¬ 
ence that one extreme generates-another 
extreme, a good instance of which is to 
be found in current physics. The physi¬ 
cist at one time harbored the delusion of 
possessing absolute knowledge, and when 
that delusion was destroyed for him he 
sought refuge in the opposite delusion 
that he knew nothing, but sought refuge 
from that unpleasant delusion in another 
delusion, that because he knew nothing 
in physics he must know everything or 
a good deal in extra-physical matters like 
philosophy and particularly religion 
This is not implying that all physicists 
have gone off on that tangent, but it is 
a significant symptom of general condi¬ 
tions that those whose writings about 
current physics have attained the widest 
popular appeal have let loose a stream of 
speculations in the name of physics 
which is greeted with enthusiastic ap¬ 
proval by a band which at one time 
shouted itself hoarse in denunciation of 
science but which hails it now as its 
strongest ally and friend. What has 
happened? Has physics lost its scien¬ 
tific status or has its historical enemy 
given up its dogmatisms ? The answer is 
obvious, namely, that the dogmatic theo¬ 
logian has not come over to science, since 
he proclaims that science now supports 
his historical position, and therefore it 
must be that some scientists are giving 
him good cause for reaffirming his dog¬ 
matisms. Now when we recall what the 
scientist has suffered at the hands of the 
ecclesiastical dogmatist it is a betrayal 
of science and the scientists of the ages 
to give him any comfort and an opportu¬ 
nity to point his finger in derision and 
say “I told you so.” The obscurantist 
and obstructionist is ever with us, 


whether openly or in disguise, and if he 
is given an inch he’ll claim a mile. We 
should be jealous of science when we 
consider its uphill fight in the course of 
the centuries and when we bear in mind 
that every positive material good that 
mankind enjoys to-day has come from 
the scientific laboratory, whereas all evil 
that is still with us is due to traditional 
dogmatism obstructing the introduction 
of the scientific mentality into social 
affairs. Any comfort given to the enemy 
of science, though he may parade as its 
friend, is a betrayal of man simply be¬ 
cause it is a betrayal of knowledge, and 
there is no knowledge that can benefit 
man other than the knowledge we call 
rational science. 

But does not the physicist have the 
right to speculate? The answer is that 
when he speaks in the name of physics 
he has no right to speculate beyond 
physics, and when he does speculate be¬ 
yond physics he should make it clear that 
he is not speaking as a physicist, and he 
should also make certain that he has the 
discipline for speculation in that extra¬ 
physical sphere. Now, speculators in the 
realm of physics like Eddington, Jeans, 
Millikan and Arthur Compton are 
guilty of two charges. They speculate in 
extra-physical spheres in the name of 
physics, and the quality of their specula¬ 
tions indicates their lack of discipline in 
those spheres. In other words, they go 
beyond physics in their physical specula¬ 
tions and they are naive in the method of 
their speculations. 

Let us take an instance from Edding¬ 
ton. In one of his books Eddington is 
engaged in demonstrating the mystery of 
the universe as revealed by current 
physics, which leads him to proclaim the 
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reality of religion also in the name of 
physics. One of his arguments runs as 
follows: 

If, for example, we admit that every thought 
in the mind ie represented in the brain by a 
characteristic configuration of atoms, then if 
natural law determines the way in which the 
configuration of atoms succeed one another it 
will simultaneously determine the way in which 
thoughts succeed one another in the brain. Now 
the thought i 7 times 9 9 in a boy *s mind is not 
seldom succeeded by the thought of * 65. * What 
has gone wrong? In the intervening moments 
of cogitation everything has proceeded by nat¬ 
ural laws which are unbreakable. Nevertheless 
we insist that something has gone wrong. How¬ 
ever closely we may associate thought with the 
physical machinery of the brain, the connection 
is dropped as irrelevant as soon as we consider 
the fundamental property of thought—that it 
may be correct or incorrect. The machinery 
cannot be anything but correct. We say that 
the bram which produces ‘7 times 9 are 63 ’ is 
better than the brain which produces *7 times 
9 are 65'; but it is not as a servant of natural 
law that it is better. Our approval of the first 
brain has no connection with natural law; it is 
determined by the type of thought which it pro¬ 
duces, and that involves recognizing a domain 
of other typo of law—law which ought to bo kept, 
but may be broken Dismiss the idea that nat¬ 
ural law can swallow up religion; it cannot even 
tackle the multiplication table. 

Now here we have obscurantism of the 
most opaque type parading as physics, 
and playing right into the hands of the 
enemies of science That every statement 
here made is a misstatement, revealing 
the most deplorable ignorance of the 
nature of the learning process and neu¬ 
ral activity, and that it is a mockery of 
God and religion to deduce both from a 
boy’s ignorance of the multiplication 
table, is beside the point. The important 
point is that here is a man with a reputa¬ 
tion as a scientist talking in extra-scien¬ 
tific realms in the name of science in a 
most deplorably unscientific manner. 
What is wrong! The answer is that in 
his philosophical and religious specula¬ 
tions Eddington and the rest are neither 
scientists nor philosophers nor religious 
thinkers. They are purely theologians, 
and poor ones at that. The demonstra¬ 


tion of this thesis calls for a definition 
of science, philosophy and religion. 

Science is a method of procedure, a 
way of thinking, that, judged by its 
results, offers the greatest promise to 
produce knowledge that enables us to 
deal most effectively or intelligently with 
our world. The factors that make this 
procedure intelligent are at least four in 
number. First and foremost scientific 
thinking draws a clear-cut distinction 
between what can be believed because of 
the reliable evidences or data on which it 
is based, and what is believed on the 
grounds of feeling, temperament, tradi¬ 
tion or prejudice. This is a factor of 
intelligence simply because to mistake 
what is believed for what can be believed 
means harboring a delusion When any 
person feels that what he likes to believe 
is also what he can believe he is taking 
the first steps to a lunatic asylum. There 
are cases of course when that which is 
believed turns out to be also that which 
can be believed, but in all such eases that 
which is believed has been tested out by 
that which can be believed and found to 
be valid. 

The second principle of scientific 
thought follows from the first, namely, 
that the evidences for that which can be 
believed must be beyond question, which 
means that they must be impersonal, 
public or universal data, or, in other 
words, that they are objective, measur¬ 
able and causal. These three indispensa¬ 
ble conditions of scientific data are intel¬ 
ligent simply because they are also the 
conditions of life or survival. We follow 
them in every activity that entails vital 
welfare. We could not go on living un¬ 
less we followed the three postulates of 
objectivity, measurability and causality 
of our environment. A man crossing the 
street in traffic would not last long if he 
ignored the objectivity of the machines 
and the street, the measurability of the 
distance of the machine closest to him 
and the sequence of events or the rela¬ 
tionship of the machines to himself. 
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Science is simply a refinement of these 
three conditions of life, in that its obser¬ 
vations are more keen and detailed, its 
measurements more minute and its laws 
of causality therefore more dependable. 
It is because science follows these 
common-sense postulates of life that it 
has been able to contribute most to the 
promotion of life. 

The third principle is one of caution 
prompted by the second principle, 
namely, that since scientific knowledge is 
based upon reliable evidences the scien¬ 
tist, as scientist, must keep within his 
evidences in all his conclusions and, 
furthermore, that no matter how reliable 
his evidences his conclusions are never¬ 
theless only tentative, since further evi¬ 
dences might call for modifications. 
Consequently, when a scientist makes 
unqualified statements he ceases being a 
scientist and becomes a dogmatist. This 
is unintelligent because dogmatism ob¬ 
structs progressive knowledge. There¬ 
fore, this third principle of skepticism 
even in the face of reliable evidences is 
intelligent because it is a safeguard 
against the delusion of the absolute. It 
is not the evidences that are in doubt, 
but the conclusions, because they may be 
based upon insufficient data. 

The fourth principle follows from the 
others, namely, that since science is reli¬ 
able knowledge it does not call for de¬ 
fenses, arguments, justification, denials 
or affirmations. It stands on its own 
feet. The scientist does not argue, 
plead, exhort, split logical hairs; he in¬ 
vestigates and reports his findings as far 
as he has gone and for whatever they 
may be worth. When he begins to affirm, 
deny, defend or justify he is no longer 
a scientist, which means he is no longer 
intelligent, for there is no intelligence 
where there is no examination and inves¬ 
tigation. 

This, then, is science. It is knowledge 
that is reliable, dependable, because it is 
knowledge that is derived from reliable 


sources, knowledge that we can believe, 
knowledge that does not call for indoc¬ 
trination or justification and knowledge 
that is constantly growing in accuracy 
and dependability. It is knowledge that 
grows out of life and therefore contrib¬ 
utes to life. 

If this account of science is accurate, 
then we must conclude that the philo¬ 
sophical and religious deductions from 
physics are unscientific, and the men who 
make them are not scientists, since in 
their inferences they violate every one of 
the principles of science. They draw 
deductions beyond and outside the inten¬ 
tion of the evidences, they use that which 
they can believe to justify and defend 
that which they like to believe, and they 
argue and dogmatize. 

Let us now turn to philosophy. What 
is philosophy and who is the philoso¬ 
pher! In a measure all human beings 
have a philosophy and all are philoso¬ 
phers. Only some are foolish while 
others are wise, depending on where 
their philosophy comes from. Philoso¬ 
phy arises from the insufficiency of 
science alone to satisfy life. The state¬ 
ment that man lives not by bread alone 
is a digest of the story of philosophy. 
The bread of life is science, knowledge. 
It sustains life, nourishes it and keeps it 
well. Life could not remain life without 
knowledge, and the more knowledge 
there is the safer and more abundant life 
becomes. But life to a human being is 
more than the sustaining of life. It in¬ 
cludes also the meaning of life. There 
are, for human life, the actualities that 
must be observed if life is to continue 
and increase in safety, but there are also 
the ideals that call for realization if the 
life is to be a truly human life. For 
human beings, life as is assumes human 
significance only in the light of life as it 
can be. What can life be as seen from 
what it is, what are its potentialities, 
what is the life that human beings can 
live, that is worthy of them to live as 
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human beings—all these are questions 
that human life raises and call for an 
answer. These questions go beyond the 
bread of life, and science has no answer 
for them and does not pretend to deal 
with them. But any answer to these 
questions must be based upon science if 
it is to have any validity, since it is only 
science that supplies valid data about 
the world and life. Now this is philoso¬ 
phy. Where science seeks truth about 
the world and life or facts and guards us 
against fancies, philosophy seeks truths 
for life or values to guard us against 
delusions. Philosophy is interested in 
the truths of science for the promotion 
of the truths of life. So where science 
analyzes philosophy synthesizes. Life 
must be seen not only as parts, but also 
as wholes, for the part is meaningless 
without the whole of which it is a part. 
The outlook of philosophy is therefore 
universal, while that of science is par¬ 
ticular. Science sees the whole from the 
parts, philosophy views the parts from 
the whole. And both are indispensable, 
since a false view of the parts will lead 
to a delusion of the whole, and vice versa. 
This is the relationship of science to 
philosophy. The philosopher must have 
science if his philosophy is to be sound, 
and science calls for philosophy if its 
fruits are to be used in the interest of 
life. Progress in philosophy is depen¬ 
dent upon progress in science, but the 
progressive use of science in the service 
of life is dependent upon philosophy. 
But, and this is the crucial point, the 
philosopher, though he builds upon 
science and Btrives to be scientific in his 
thinking, does not claim scientific status 
for his philosophy. It is his philosophy, 
hit cosmic, universal home, built out of 
the raw materials of science, and valid 
only for those who find his home com¬ 
fortable. There is something compul¬ 
sory in science—a man had better follow 
it; but there is nothing compulsory in a 


philosophy—a man might follow it. If a 
philosopher proclaims his philosophy as 
the only valid outlook he is no longer a 
philosopher, but a dogmatist. As a phi¬ 
losopher he distinguishes between what 
he likes to believe, namely, that his phi¬ 
losophy is universal, and what he can 
believe, namely, that it is his philosophy, 
having universal validity for him alone. 
In this respect he is in keeping with the 
spirit of science, although he is not a 
scientist. 

From this analysis of the nature of 
philosophy we must therefore draw the 
further conclusion that the scientists 
here under discussion are no more 
philosophers in their philosophizings 
than they are scientists in the inferences 
they draw from physics. They do not 
build a philosophy out of science, but use 
physics to bolster up a preconceived 
philosophy for which they claim uni¬ 
versal validity on the grounds that it is 
scientific. They are as anti-philoBophical 
as they are anti-scientific. 

Now as to religion. There are two 
views of religion: religion as belief in 
God, and religion as experience of God. 
The first is organized, established or 
public religion; the second is personal or 
private religion. The difference between 
the two is of vital importance because of 
their social consequences. The religious 
belief in God posits an objective deity 
whose existence is to be demonstrated by 
various proofs and belief in whom is to 
be indoctrinated or inculcated in various 
ways. This deity calls upon some per¬ 
sons to be his intermediaries and inter¬ 
preters to man, and thus gives rise to a 
priestly class whose divine duty it be¬ 
comes to instruct mankind in the will of 
this deity and whose divine privilege it 
is to intercede for man to this deity. 
This view of religion inevitably gives rise 
to a variety of religions, each holding a 
certain view of the nature of the deity, 
his will, his relation to man, and each 
proclaiming itself directly or indirectly 
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as being the one and only true religion. 
The social consequence is division among 
men, enmities, suspicions, propaganda, 
indoctrinations and intolerance. 

Religion as experience of God is the 
religion of creative experience, with God 
the creative spark in man urging him on 
to grow in creativeness, in manhood. In 
this religion there is no room for sin 
other than ignorance of one's real self 
and no room for virtue other than knowl¬ 
edge of this self. So God becomes the 
highest self of mankind in whom man is 
to find his real welfare Salvation for 
man is no easy attainment by accepting 
certain beliefs and engaging in certain 
mysterious practices, but is to be a con¬ 
stant seeking within oneself for that 
spark of divinity, which, as it is being 
found transforms its finder into itself. 
For this religion God has no being apart 
from man, and man has no being apart 
from God. As man is growing in man¬ 
hood he is growing in Godhood, and 
thereby discovering God. 

Now, the only relation between science 
and these two views of religion is this: 
that a scientific approach to religion 
shows that from the standpoint of human 
nature the religion of belief in God is a 
distortion of religion because it is a dis¬ 
tortion of man, spreading confusion and 
enmity among men, while the religion of 
experience of God is true to human na¬ 
ture, for if it were in operation it would 
spread peace on earth and good-will 
among men. And it is this distorted, 
unscientific view of religion that current 
physics is alleged to support. Obviously 


an unscientific idea of religion can be 
supported only by an unscientific or dis¬ 
torted view of science, so that our theo¬ 
logical-minded scientists violate science 
in support of a theological conception of 
religion. An objective God is not a re¬ 
ligious experience but a theological 
dogma, and when science begins to sup¬ 
port dogma it ceases being science, for 
science and dogma can not keep house 
together. Those scientists, then, who 
argue from physics to God and religion, 
use physics in support of an unscientific 
God, do so in an unscientific manner, and 
therefore only succeed in being anti¬ 
religion, although claiming to defend it 
and support it. 

The conclusion is then that these men, 
speaking as scientists for philosophy and 
religion, are neither scientists nor phi¬ 
losophers nor religious thinkers. They 
are only theologians with a vengeance, 
for the theologian does not claim to speak 
as a scientist, but uses science as a prop 
whenever he can do so conveniently, 
while our scientists talk theology, and 
poor theology at that, as scientists in the 
name of science, to produce the impres¬ 
sion that their theology is science. The 
result is that whereas the theologian of 
old was an open menace to science by try¬ 
ing to dictate to the scientist what he 
should or should not find in his investiga¬ 
tions, the theological-minded scientist of 
to-day is a lurking menace in that he 
poses as a scientist in his theology and 
gives the theologian alleged scientific 
grounds for returning to his old practice 
of meddling in science. 
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Our western (new style) calendar has 
been in use in parts of Europe since the 
time of its promulgation by Pope 
Gregory (1582) and in England since 
1752. In America there is scarcely a 
household that is not supplied with at 
least a dozen every year. Yet ignorance 
of the calendar is at once profound and 
universal. The following generalizations 
seem warranted by the writer’s experi¬ 
ence : 

A majority of the college population 
(including members of the faculty) are 
aware that leap year comes at intervals 
of four years. 1 But a greatly reduced 
number can state the rule governing the 
exceptions which excludes such years as 
1900. A still smaller number know how 
the date for Easter is fixed. Fewer yet 
perhaps will answer with certainty when 
asked whether the death of Washington 
(1799) occurred in the last year of the 
century. And those who can compute the 
age of the emperor Augustus (63 bc\- 
14 a.d ) are as scarce as those who under¬ 
stand Einstein. 

The year just closed revived the ques¬ 
tion of the proper method of reckoning 
the time between two events, one b c. and 
one a.d. For the classical teachers and 
scholars from Ireland to Australia 
selected 1935 as the year in which to cele¬ 
brate the bimillennium of the poet 
Horace, born 65 b.o. Likewise the cele¬ 
bration of the bimillennium of Vergil, 
born 70 b.o., was initiated by the Italian 
Government with elaborate ceremonies 
and the issue of memorial stamps in 1930. 

i The Roman priests were not even clear on 
this point. Thus during the first 36 years after 
the reform of the calendar by Julius Caesar, the 
priests decreed a leap year every three years. 
The resulting error of three days was corrected 
by Augustus, who omitted leap years altogether 
for a period of 12 years, restoring the Julian 
calendar. 


And it is reported that plans are under 
way in Rome for the observance of the 
bimillennium of Augustus in 1937. 

What is wrong with these dates f The 
trouble is that a bimillennium represents 
a lapse of 2,000 years, whereas the time 
between each pair of dates in question is 
1999. The error arises in computing time 
as if 65 b.c., for example, were -65 years 
and 1935 a.d. were +1935. Numerous 
familiar scales of measurement are 
indeed constructed on this principle. 
Thus north and south latitude may be 
regarded as + and -, respectively. So 
also may west and east longitude, as well 
as temperature above and below zero. In 
each of these systems, however, as in the 
algebraic number scale, there is a number 
zero which divides the positive numbers 
from the negative, itself belonging to 
neither class. Thus the latitude of all 
points on the equator is zero, as is the 
longitude of all points on the prime 
meridian. But there is no year zero in 
the ( historian’s) calendar . Or, asKubit- 
schek 2 says, “The years 1 b.c. and 1 a.d. 
of ordinary usage follow one another di¬ 
rectly without the intervention of zero.” 
(See Diagram.) 8 Hence it is clear that 

2 Grundnss der Antiken Zeitrechnung, 
Mimchen (1928), p. 13. Bee also Encyclopaedia 
Britannica, 11th ed., article * ‘ Chronology ' 9 ; 
Giry, Manuel de Diplomatique, Paris, (1894), 
p. 89, footnote 2: “ After the mode of reckoning 
in use, the year 753 of Rome is the year Ib.c., 
the year 754, the year Iad. Between the two 
periods ascending and descending, the computers 
have omitted zero”; Smith, American Mathe¬ 
matical Monthly , 38 (1930), p. 371; Herschel, 
“Outlines of Astronomy,” 11th ed., p. 673. 

8 The Christian era thus dates from January 1, 
a.d. 1, while the birth of Christ is placed offi¬ 
cially on December 26, of the year 1 B.c. i 
Authorities differ concerning the actual date of 
the birth of Christ. 
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a child born on December 8, 1 b.c. would 
be one year old (and not two) on Decem¬ 
ber 8, 1 a.d. By the same token if Horace 
was born on December 8, 65 B.O., he 
would have been 65 years old on Decem¬ 
ber 8,1 a.d. (had he lived) and his bimil- 
lenmum would occur 1935 years later, 
i.e., on December 8, 1936.“ 

Generally we have the rule for comput¬ 
ing the time between events b.c. and A.D., 
as stated by Herschel (l.c.): “The sum 
of the nominal years b.c. and a.d. must be 
diminished by 1.” This rule is empha¬ 
sized by all the authorities on chronology 
from Ideler* (1825-6) to Kubitschek 
(1928), including the writer of the 
article “Chronology” in the Encyclo¬ 
paedia Britannica, 11th edition, though 
I fail to find any mention of it in the 
latest edition of the Britannica either 
under chronology or calendar. Indeed 
two scholars, one of them a historian, 
writing for this work, have erred on this 
very point. In the article on Augustus 
occurs the statement: “He died on Aug. 
19, a.d. 14 ... on the anniversary of his 
entrance upon his first consulship 57 
years before (43 b.c.).” Again in the 
article on Ovid, it is stated that the poet 
was born on March 20, 43 b.c. and that 
“He died in his sixty first year in a.d. 
17.” Both of these writers have plainly 
neglected to diminish by 1 the sum of the 
nominal years b.c. and a.d. 

If those who wish to honor the bimil- 
lennial birthdays of ancient poets choose 
to ignore this rule and count inclusively, 
as the Romans did, that is their own 
affair.® Even they perhaps might demur 
at a hotel bill computed on this principle 
—for to the Romans “three days ago” 
meant day before yesterday. This indu- 

8 * Cf, Pogo, Popular Astronomy, March, 19S6. 

4 ‘ ‘ Handbuck der Mathematischen und Tech- 
nischen Chronologic, * f two volumes. 

5 Fotheringham, writing for the Classical 
Review (Vol. 34, 1930), recognizes the absence 
of a year zero and argues for 1931 as the proper 
year in which to celebrate the Vergil bimUlen- 
nium. 


sive counting, by which “every fourth 
year” was interpreted to mean once in 
three years, almost wrecked Caesar’s 
calendar reform.® 

It should also be observed that the 
number denoting the year in the calendar 
must be interpreted in the ordinal sense. 
The present year, e.g., is the 1936th of 
the Christian era, but 1936 years will not 
have elapsed until the end of December 
31. 7 The beginning of the twentieth cen¬ 
tury, therefore, about which there was 
much confusion and great argument, 
began with the beginning of the year 
1901.® 

Since there is no available event to 
mark the beginning of historical time, it 
was a stroke of genius on the part of 
Dionysius Exiguus (Denys the Small) to 
propose that the years be numbered in 
both directions from some intermediate 
event, such as the birth of Christ.* Most 
of the confusion mentioned above would 
have been avoided had he inserted a year 
zero in its proper sequence in the calen¬ 
dar scale. But historically there is the 
best of reasons for its omission: The 
number zero was probably unknown in 
Europe at the time the Dionysian system 
was adopted, in the sixth century. Zero 
seems to have been originated by the 
Hindus and used as a part of their posi¬ 
tional system of notation. In this con¬ 
nection its function is to fill the empty 
places in such numbers as 4004 and it 

a Footnote 1. 

7 This is well understood with respect to the 
days of the month. March 10 is the name of a 
day, the tenth of the month, but 10 days of 
March will not have passed until the midnight 
between March 10 and March 11. 

s Even Eells, correcting hie error in counting 
anniversaries (School and Society, December, 
1930), says: “This is due to the fact that the 
first year of the Christian era was numbered 
one not zero while the first year of every century 
since begins with < 00 , .“ But surely 14* 100s 
101, hence the second and every eentury there* 
after begins with —01. 

• He tpok for the beginning of the Christian 
era, March 25, Ib.g., i.e., the date of the 
Annunciation. 
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may have been a mere symbol of vacuity. 
Just when the concept of zero as a 
genuine number emerged is not clear, 
though rules for its combination with 
itself and other numbers in arithmetical 
operations are given by Brahmagupta 
(c. 628). 10 Recent research seems to 
confirm the view that a place-value zero 
was known in India as early as 500 a.d., 
or possibly earlier. 11 But the earliest oc¬ 
currence in India of the symbol 0, accord¬ 
ing to D. E. Smith, 12 is in an inscription 
of 876; while the oldest European manu¬ 
script which contains the Hindu nu¬ 
merals (without the zero, however) was 
written in Spain in 976. 

Long ago Ideler ( loc . cit.) remarked on 
another difficulty of the historian’s calen¬ 
dar, namely, that leap years are now 
numbered, 4, 8, 12, etc., a.d. but 1, 5, 9, 
etc. in the era b.c. And he observed that 
if 1 b.c. were changed to 0, 2 b.c. to -1, 
etc. not only would leap years be named 
by multiples of 4 in all cases, but the 
time between two events before and after 
the beginning of the Christian era would 
then be found correctly by adding the 
number of positive and negative years. 
This method of reckoning time, now gen¬ 
erally adopted by astronomers, was intro¬ 
duced by Jacob Cassini, according to 
Kubitsehek, and first used in the intro¬ 
duction to his 4 ‘Tables Astronomiques,’’ 
1740, page 5. Schram, 18 commenting on 
this system, says: 

Zero is often falsely understood and identified 
with “nothing ,’ } whereas it is nothing but the 
number coming before unity in the natural 
number scale. No one will deny that 18, 19, 
20, 21, 22 are five consecutive numbers which 
might denote any five consecutive years; then 

10 Datta, Bulletin, Calcutta Mathematical 
Society, 18: 166-176, 1927. 

u See a series of papers with references in 
the American Mathematical Monthly, (1) by 
Datta, 88: 220, 449, 1926, also 88: 566, 1981; 
(2) by Ganguli, 84: 409, 1927; 89: 261 and 889, 
1932; 40: 26 and 154, 1933. Or, Datta and 
Singh, “ History of Hindu Mathematics, ’ ’ La¬ 
hore. 1936. 

i* * 1 History of Mathematics,” Vol. II, p. 69 
and 75. 

is * 4 Kalendariographische und Chronologische 
Tafeln” (Leipzig, 1908). 


an interval ten years earlier would be denoted 
by 8, 9, 10, 11, 12, and an interval ten years 
still earlier by -2, -1, 0, 1, 2. This however 
the historians wUl not recognise but call these 
years 3 b.o., 2 b.c., 1 B.c., 1 A.D., 2 ad., so that 
zero has been thrust out of its natural number 
sequence. Thus we have two systems of number¬ 
ing years before the birth of Christ, the astro¬ 
nomical and the historical which differ from one 
another by one unit. 1 * 

In the astronomer’s calendar, the birth 
of Augustus would be placed in the year 
-62, consequently his bimillennium, com¬ 
puted as in elementary algebra, would 
fall in 1938. There is one important dif¬ 
ference, however, between the astrono¬ 
mer’s calendar and the algebraic scale: 
When plotting numbers in algebra, each 
number corresponds to a single point, 0 
marking the point of origin. In the 
calendar, on the other hand, each integral 
number designates an entire year. (See 
accompanying diagram). 

Astronomical 

Beale -2-10 12 3 

-,-1 H -1-1- 

Algebraic 

Scale -3-2-10123 

In the algebraic scale we have natur¬ 
ally made the number 0 correspond to the 
beginning of the Christian era. On the 
algebraic scale the number attached to 
any point, whether integral or not, indi¬ 
cates the exact time interval measured 
from the beginning of the Christian era. 
Thus April 1 of the year 3 (a.d.) cor¬ 
responds on the algebraic scale approxi¬ 
mately to 2.25, which is the time elapsed 
from the beginning of the Christian era. 
Again April 1 of the year -2 would be 
represented on the algebraic scale ap¬ 
proximately by -2.75, which gives the 
number of years before the era. 

The astronomer’s calendar would more 
nearly conform to our experience in meas¬ 
uring if it had placed the beginning of 
the Christian era at the beginning of the 
year 0 instead of at the end. This could 
be accomplished by sliding the whole as¬ 
tronomical scale of the above diagram 

14 Quoted from Kubitsehek, loo. cit., p. 18. 
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one unit to the right, making 0 the first 
year of the Christian era. The dates b.c. 
would then be the same as in the present 
historian's calendar, while each date a.d. 
would be increased by l. 15 The number 
denoting the year a.d. would then indi¬ 
cate the integral number of years elapsed 
from the beginning of the era. Now 
April 1, a.d. 2 (or the year +2) would cor¬ 
respond on the algebraic scale to 2.25, 
and the time elapsed is 2 + .25 (the time 
from January 1 to April 1); and April 

I, b o. 2 (i.e, 9 the year -2) would cor¬ 
respond on the algebraic scale to -1.75, 
which is -2 4- .25 (the time from January 
1 to April 1). Thus in each case the frac¬ 
tional year added is positive—due to the 
fact that time moves forward—while the 
integral year, i.e., its ordinal number in 
the calendar, may be either positive or 
negative. This is entirely analogous to 
the notation used in writing logarithms, 
where commonly the mantissa (the deci¬ 
mal part) is taken as positive, whereas 
the characteristic (the integral part) 
may be either positive or negative. 

It is unfortunate that a zero year has 
not been introduced in the calendar of 
the historian and the chronologist. And 
since zero in the calendar stands for a 
whole year and not a single instant of 
time as it would in the algebraic scale, 
perhaps the astronomer's choice is the 
most satisfactory under all the circum¬ 
stances. That would require only the 
change of the dates b.c., relatively few of 
which are known with certainty. The 
years of the Christian era would be num¬ 
bered as at present, starting with 1, as 
we number the days of the month, auto¬ 
mobile licenses, the pages of a book. 16 
The chronologists could institute such a 
reform by simple agreement among them¬ 
selves. If they are unwilling to insert 
a zero year in the calendar, then let the 

16 Leap years would then be numbered 3, 7, 

II, etc., A.D., b.o. dates being unaffected. 

18 The whimsical author William DeMorgan, 
I believe, called the first chapter of one of his 
books Chapter 0; and I have seen a set of mathe¬ 
matical axioms numbered, 0, 1, 2, etc. 


writers of school histories explain its 
absence and the embarrassment which its 
omission entails. In the matter of 
reckoning time, “It wad frae mony a 
blunder free us.” 

Many of the difficulties of a satsifac- 
tory calendar are inherent. Foremost of 
these perhaps is the fact that the three 
most natural units of time, namely, the 
periods of the rotation of the earth on its 
axis, the revolution of the moon about 
the earth and the earth about the sun are 
incommensurable. That is, neither the 
year nor the (lunar) month contains an 
integral number of days, nor is the frac¬ 
tional residue of a day a rational number 
such as i or -J. Some of the anomalies 
of our present calendar are accidental 
or at least avoidable, such, for example, 
as the incidence of New Year on different 
days of the week and of Easter on dif¬ 
ferent days of the year in two different 
months. The correction of these irregu¬ 
larities was the hope of a vigorous agita¬ 
tion for calendar reform a few years ago, 
which however has somewhat subsided of 
late. 

There remain serious problems of 
chronology which have been bequeathed 
to us from the past. A major source of 
confusion has been the use of different 
calendars by different countries. An¬ 
other is the use of different calendars by 
the same country at different periods of 
its history or even the same period. For 
example, the civil year and the ecclesias¬ 
tical year have not always agreed, 
while the astronomical year agrees with 
neither. Indeed, there are several astro¬ 
nomical years all in good standing. 

Not only has the length of the year 
varied, but the beginning of the year has 
been fixed at numerous dates. 11 Among 
the dates selected to mark the beginning 
of the year, four are related to the life 
of Christ: March 25 (style of the annun¬ 
ciation), December 25 (style of the na¬ 
tivity^ January 1 (style of the circumci¬ 
sion) and Easter (style of France). 

*t See particularly Giry, Chapter II. 
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Others were doubtless determined by the 
seasons. Both the vernal and autumnal 
equinoxes have been used. 18 Also may be 
mentioned September 1 and 24 (Greek), 
March 1 (Roman religious and German) 
and August 11 (Danish). Likewise the 
beginning of the day has been reckoned 
variously from sunrise, noon, sunset and 
midnight. Again every instant of day 
and night on a fixed meridian is (solar) 
noon on some other. And in crossing the 
international date line one changes time 
by an entire day. 

With all this multiplicity of calendars, 
whose months and years are of varying 
length, together with irregular and some¬ 


times capricious intercalations of days 
and months, it requires no imagination 
to perceive that the problem of an accu¬ 
rate historical chronology is one of the 
greatest complexity To quote Herschel, 
page 674: 

The history of the calendar, with reference to 
Chronology, . . . may be compared to that of a 
clock, going regularly when left to itself, but 
sometimes forgotten to be wound up, and when 
wound, sometimes set forward, sometimes back¬ 
ward, either to serve particular purposes and 
private interests, or to rectify blunders in 
sotting. 

And he might have added that the 
clock records no zero time! 
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That man may have lived in North 
America for a good many thousand 
years has been a subject for discussion 
off and on since the middle of the 
eighteenth century; but these discussions 
attracted very little attention till discov¬ 
eries in Europe demonstrated the exis¬ 
tence of man at an early period on that 
continent. These disclosures tended to 
promote search in America for evidence 
of an equally early culture. The period 
immediately preceding and subsequent 
to the Civil War was marked by such 
announcements of the finding of traces 
of early man as those at Trenton, N. J., 
those from the auriferous gravels of 
California and others from Minnesota, 
Kansas, and so on. 

Early Appearance Now Conceded 

One by one these claims to antiquity 
were attacked by scientists who could not 

18 Christmas and January 1 too come near 
the winter solstice and Easter near the vernal 
equinox. January 1 marked the beginning of the 
Roman year 150 years before the Christian era. 


subscribe to the theory that man had ex¬ 
isted in the New World for such a long 
time. In spite of this, however, reports 
of discoveries of extinct animal bones in 
association with human remains or ob¬ 
jects of human manufacture continued 
to appear from time to time in North 
America, until finally the evidence from 
Folsom, New Mexico, made it apparent 
to every one that man was present in that 
region at an earlier period than many 
supposed. This discovery immediately 
galvanized general interest in the sub¬ 
ject of man's antiquity and promoted 
activity along this line in various parts 
of the country. 

In the light of these results and others 
subsequently obtained, I doubt if there 
is any one to-day who is not willing to 
concede that the evidence is ample for 
believing that man had been in North 
America for several thousand years be¬ 
fore the beginning of the Christian era. 
This, it will be admitted, is not very 
satisfactory dating, but it will have to 
suffice till more is known about glacial 
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geology, and more particularly with re¬ 
gard to those regions that were not gla¬ 
ciated during the Wisconsin stage. 

What is becoming increasingly clear 
is that the associations occurring at Fol¬ 
som, at Clovis and at other sites, more 
recently investigated, point to climatic 
conditions that were different from those 
that exist at the present time in the same 
regions. The evidence is for a colder and 
a more moist climate at the time the de¬ 
posits were laid down, and in some locali¬ 
ties the types of shells and microscopic 
examination of samples from the deposits 
indicate a progression towards a milder 
climate, with more arid conditions. 
Many of the animal bones represent 
types that are altogether extinct to-day 
in the region in which they are found, or 
represent types that to-day live in 
entirely different environments. 

Evidence Obtained at Clovis 

To be a little more specific, we may 
now consider the results obtained at 
Clovis, New Mexico. Here there is such 
evidence as we have been discussing that 
man lived in the region at a moderately 
early time. Taking it up briefly, we may 
consider the subject from the three 
points of view of geology, paleontology, 
and archeology. 

The physiography of the Clovis region 
presents an almost flat surface, which is 
characteristic of the Staked Plains of 
eastern New Mexico and northwestern 
Texas—a surface that is almost un¬ 
eroded. There are, however, a series of 
basin-like depressions, with surrounding 
sand-dunes, that break the monotony of 
the landscape between Portales and 
Clovis. These basins are made up of 
bluish-gray silt and clay deposits, proba¬ 
bly representing old lake beds, which 
once formed part of the Brazos River 
system, when that river extended much 
farther west. 

These deposits have been exposed by 
the wind, and it is in and on the bluish- 


gray clays that the bones of the bison 
and the elephant are found, and in which 
worked flints and lenses of charcoal ap¬ 
pear. A casual examination of this area 
will lead one to form the opinion that 
not much can be done in the way of de¬ 
termining the age of these deposits, but 
a more thorough study reveals the fact 
that the evidence fits well into the gen¬ 
eral picture as it is being developed in 
the Southwest. 

Dating the Beds 

In an attempt to date these beds at 
Clovis, Dr. Antevs spent some time 
summer before last investigating the 
evidence in New Mexico of geological 
features that might tie in with the bone¬ 
bearing strata at Clovis. Based upon a 
study of the data obtained, near Willard, 
New Mexico, almost due west of Clovis in 
the center of the state, where well-devel¬ 
oped shore lines show that an ancient 
lake had existed, Dr. Antevs believes 
that the highest stand of the lake, at 
that earlier time being about 150 feet 
deep, and covering about 450 square 
miles, corresponded to a period some¬ 
what earlier than that when modern 
temperature conditions were attained in 
the Southwest. 

Dr. Antevs accordingly places the high 
stand of this ancient Lake Estancia at 
about 15,000 years ago, and he estimates 
the time when the clays were finally laid 
down at Clovis at 12,000 to 13,000 years 
ago. Apparently the estimate of 10,000 
years, previously made for the age of the 
Clovis discoveries, seems to have been 
conservative. 

Clovis and Folsom Finds Compared 

Of the animal bones discovered at 
Clovis, those of the mammoth and bison 
are found in the bluish-gray deposits, 
the horse and camel in the top of the 
underlying beds. Dr. Stock is at present 
occupied with the identification of the 
specimens from this site, and his report 
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is looked forward to with interest, It 
was the exposure of bison and mammoth 
bones in nearly every one of these basins 
that first suggested the possibility of as¬ 
sociation witli human objects, since quan¬ 
tities of flint tools and chips were scat¬ 
tered over the surface of these same 
basins. 

Without the knowledge gained by a 
study of the Folsom site Dial at Clovis 


the geological evidence in each place 
seems to point to a time when climatic 
conditions were different than at the 
present time, as already mentioned. 

The Folhom Type of Spearpoint 
Though end- and side-scrapers were 
found at Clovis, the Folsom point is the 
important type that furnished the clue 
to the site in the first place. This par- 



TYPER OF EARLY ARTIFACTS 

The first is a 4 * Folsom -likf *' point, somewhat cruder than the so-called ‘ * Folsom ’ ’ type ; 

THE SECOND IS A “ YUMA” TYPE, SHOWING FINE, RIBBON LIKE FLAKING ON ITS FACE; THE THIRD IS 
A KNIFE; THE FOURTH REPRESENTS THK * * FISH-TAIL f * TYPE OF THE (( FOLSOM-LIKE f f POINT. 


would have presented a very much more 
difficult task to interpret, bearing in 
mind that the Lindenmeier discoveries, 
near Fort Collins, Colorado, had not yet 
been announced by Dr. Roberts. Every¬ 
thing about this newest discovery of Fol¬ 
som artifacts in Colorado tends to show 
that the same people had lived at Clovis 
at about the same time. Identical types 
of artifacts are found at each place, and 


ticular type of spearpoint can be briefly 
described as a thin leaf-shaped point, the 
chief characteristic being a longitudinal 
groove along each, or sometimes only one 
face. The base is concave, with ear-like 
projections. The secondary chipping is 
very fine and shows remarkable control 
of the flaking tool. 

The general character of these points, 
as well as those of the equally well- 
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From the Clovis, New Mexico, gkavel*pit. The number of bones of extinct bison and ele¬ 
phants FOUND IN THIS PIT IS SO GREAT AS TO SUGGEST THAT IT ONCE MAY HAVE BEEN A WATERHOLK 


IN WHICH THESE ANIMALS BOGGED DOWN* 


chipped points known as Yuma points, tures, but there is a possibility that both 

has led to comparison of these early may trace their beginnings to Asia. 

American artifacts with those of the As a matter of fact the Danish neo- 

European Solutrean culture. There is lithic points and daggers offer more 

no doubt that there is a striking likeness exact comparison with the points of our 
in some of the shapes of both, and that Folsom-Yuma complex than anything 

both types represent pressure flaking of else in Europe, except, of course, that 

a high order. Nevertheless, after exam- none of the Danish points have the longi- 

ining a number of Solutrean blades and tudinal groove, characteristic of the Fol- 

points last summer in France, one feels som point. This particular grooved 

the necessity of reserving opinion upon type, so far as I have been able to ascer- 

the subject till a more detailed study is tain, has not been observed anywhere in 

made of the whole situation. Off hand it Europe or Africa. 

seems unlikely that there can be any Last summer, in order to find out 
direct connection between the two cul- whether anything approaching the Fol- 



THE JAWBONE OF EXTINCT JBI60N 

Found in a gravel pit near Clovis, New Mexico. Charcoal and burned bones, evidence of 

EARLY MAN, WERE ALSO FOUND HERE. 



THE ANTIQUITY OF MAN IN AMERICA 


371 


som point had been found in Siberia, I 
went to Russia under a grant from the 
American Philosophical Society, and at 
Leningrad had an opportunity to study 
the collections in the museums from 
Siberia. There were no types like our 
Folsom points, but, as archeological ma¬ 
terial of this nature from Siberia was 
limited, it may not be wise to make any 
sweeping statements as yet about these 
highly specialized artifacts or their pro¬ 
totypes from that country* 

Folsom-like Points 

The facts as observed point to the 
flaked groove point as being a develop¬ 
ment of North American origin. Dr. 
Hrdlicka reports the finding of rubbed 
groove points of slate from Alaska, but 
these are of a later period than the Fol¬ 
som points. A technique similar to that 
of these Alaska points has been reported 
from Manchuria, said to be of the pre- 
Han period. 

To come back now to the Folsom point, 
it should be noted that its distribution is 
somewhat confused by the fact that there 
are grooved points found in other parts 
of North America as well as the South¬ 


west, which differ from the typical Fol¬ 
som point as found at Folsom and other 
relatively near-by sites. Whether they 
are earlier, later or contemporaneous 
with the true Folsom type can not be 
determined at this time. 

We found one of these more general¬ 
ized types of Folsom point called Folsom- 
like points, in a cave in the Guadalupe 
Mountains of New Mexico, southwest of 
Clovis, at a level definitely below that of 
a Basket Maker people who had used the 
cave for burial purposes. These lower 
levels of the cave contained numerous 
lenses of charcoal and the bones of a 
number of animals that have been extinct 
in that region for a long time, such as 
those of the camel, horse, antelope, bison 
of extinct species and musk-ox. 

Not, however, till more facts are 
gathered upon the subject of glacial geol¬ 
ogy and the question of post-glacial cli¬ 
matic fluctuations, and until more is 
known of the types of stone tools made 
by our prehistoric peoples, shall we be 
able to project upon the screen of re¬ 
search a clear picture of what America 
was like before the Christian era. 



THE REAL WINNERS IN THE 1936 
OLYMPIC GAMES 


By Dr. CHARLES D. SNYDER 

PROFESSOR OF EXPERIMENTAL PHYSIOLOGY, JOHNS HOPKINS UNIVERSITY 


Perhaps it has occurred to others be¬ 
sides myself that the absolute scores ac¬ 
credited to the various countries in the 
Olympiad just ended in Berlin somehow 
do not represent their respective relative 
positions of excellence 

For one thing the number of people m 
each of the countries from which their 
representatives were chosen is a vastly 
various quantity. It is not unreasonable 
to assume that, given equal opportunity 
and training, the human animal ought to 
wrest his share of honors, in such a vari¬ 
ety of sports as the Games included, re¬ 
gardless of the country he represents 
This being granted as an ideal state of 
affairs, it would follow then that the 
total score of points won by any one 
country may well be in direct proportion 
to its population. If in reality this turns 
out not to be the case, then may we begin 
to search for the causes of the differences 
In order to make use of the population 
factor in revaluating the scores, 1 have 
made use of “the unofficial” final scores 
accredited to each nation in the Asso¬ 
ciated Press report as published on Au¬ 
gust 17, 1936. The dispatch listed 28 
countries. Of these I omit the three 
countries which, in any way one treats 
the figures, obviously will stand at the 
bottom of the list, namely India, Rou- 
mania and Turkey. From standard ref¬ 
erences I have noted down the popula¬ 
tion figures for all the rest of the 25 
countries listed, together with the “un¬ 
official” score assigned to each. Adding 
up the two columns gives a grand total 
population of 560.83 millions in all the 
countries considered, whose total scores 
likewise sum up to 533 points. If one 
now divide the total number of points 
by the total population expressed as mil¬ 
lions, one has a fraction of 0.986, which 


represents the distribution of points for 
each million of the total of all popula¬ 
tions represented in the Games. 

To get the ideal score for each country 
then, all one need do is to multiply the 
population of each country by the factor 
given above, namely, 0 986 This ideal 
score then may be compared with the 
score actually won, and the question as 
to how nearly each country by its earned 
score has realized its ideal score may be 
answered in terms of per cent. This is 
done by dividing the earned score by the 
ideal score and multiplying by 100 

The results of such an inquiry, together 
with the pertinent data, appear in Table 
1, where the first column of figures gives 
the population in millions; the second 
column, the respective “ideal score” cal- 

TABLE 1 

The 1930 Olympiad All Events Revalvaiko 
on a Population Hakin 


Country 

Popu¬ 

lation 

in 

mil¬ 

lions 

Ideal 

score, 

on 

popu¬ 

lation 

basis 

Actual 

score 

earned 

Per¬ 

centage 

of 

ideal 

score 

rea¬ 

lized 

Esthonla . 

117 

1 15 

0 

522 

Hungary . 

8 117 

8.53 

43 

517 

Sweden . . 

0 10 

6.01 

25 5 

508 

Finland . . 

3.03 

3 57 

17 

470 

Austria 

0 08 

0 58 

20 

390 

Norway 

2 05 

2.61 

9 

345 

Holland . 

7.83 

7 72 

24 

311 

Switzerland . 

3 88 

3.82 

10 5 

275 

Germany .... 

04.00 

63.00 

134 

195 

Argentina 

10.92 

10.77 

10 

149 

Canada .. 

9 06 

9.52 

9 

94 5 

Italy ... . 

41 49 

40.80 

55 5 

87.0 

France .... 

40 92 

40 30 

31 

86.9 

V. 8 A. 

121,74 

119.80 

77 5 

04.8 

Belgium . . . 

8 05 

7.94 

5 

03 1 

Czechoslovakia . 

14.73 

14.53 

9 

02.0 

Denmark 

3.48 

3.43 

2 

58.4 

Uruguay .... 

1.81 

1.78 

1 

56.3 

Mexico . ... 

14.80 

14.60 

ft 

54 8 

Egypt 

14.18 

13.97 

7.5 

03.8 

Great Britain 

43.03 

42 40 

20 5 

48.4 

Poland . 7.. 

27.18 

26.90 

11 0 

40.9 

Yugoslavia . . . 

13.42 

13.23 

2 

17 65 

Philippines .. . 

11.57 

11.4 

2 

17.5 

Japan . 

70.69 

75.5 

11 

14.6 

Totals . 

560.83 


553 0 
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culated on the population basis, as indi¬ 
cated above; the third column, the earned 
score as accredited by the Associated 
Press dispatch. The last column con¬ 
tains the percentage of its ideal score that 
each country has realized by its earned 
score Tt is this last figure which de¬ 
termines now the real position of excel¬ 
lence of each country in respect to all the 
others Indeed, in the final construction 
of the table, and for the convenience of 
the reader, the order of naming the coun¬ 
tries (and giving their appropriate data) 
was selected on this basis It is needless 
to remark that order of excellence hero 
turns out to be quite different from the 
order when based on the absolute number 
of points won 

Inspection of the table reveals some 
startling facts. Germany and U. S A. 
no longer lead, but appear ninth and 
fourteenth, Japan drops down from 
twelfth place to the end of the column 
It becomes quite obvious that, under 
present conditions at least, it is the snug 
little countries of northern Europe that 
can win from 2.5 to 5 times their alloted 
ideal scores, whereas the countries of 
larger populations, wherever they are, 
can only take middle positions, realizing 
at best only from f to 2 times their allot¬ 
ments on a population basis. The U. S. A. 
with her 64.8 per cent, can only boast 
of leading those countries which have 
definitely failed to hold their own, in¬ 
cluding Great Britain, who has failed 
badly. 

Many of us still consider the events of 
track and field as the noblest sports, and 
since they represent more nearly the 
games played in the original Olympiads 
it is of interest to revaluate the scores 
accredited to the various countries for 
these events alone, as we have done above 
for all events. This has been done using 
the unofficial scores again (for both men 
and women) as they were compiled in 
the Associated Press dispatch of August 
9. The results appear in Table 2. And 
it is important to compare this table for 
track and field with that of all events. 


TAHLK 2 

Track and Field Events Kkvaluatkd on a 
Population Uanjk* 


Pountry 

Popu¬ 

lation 

in 

mil 

lions 

Ideal 

score 

Actual 

points 

won 

Per¬ 

centage 

Mcore 

rea¬ 

lized 

Finland . . 

3 63 

4 54 

80 1/4 

1776 

New Zealand 

i r> i 

1 0 

10 

570 

Sweden 

6 10 

7 6 

10 1/11 

251 

Panada 

0 66 

J 2 1 

30 1/11 

248 

Switzerland 

3 88 

4 7 

0 

103 

Holland 

7 83 

0 8 

16 1/3 

J67 

Norway 
Germany . 

2 65 

3 3 

5 

153 

64 60 

80 1 

121 1/4 

150 

r s a 

121 74 

152 2 

225 1/3 

148 

Latx la 

2 35 

20 

4 

138 

II unduly 

Ureal itritnin 

N 07 

10 8 

11 2/lt 

103 

4 1 03 

53 0 

53 1/11 

100 

Italy 

41 40 

51 0 

36 13/22 

71 

Japan 

70 60 

06 1 

58 13/22 

61 

AtiHtralin 

8 18 

10 2 

1 1/3 

40 

Austria . 

6 68 

8 5 

3 2/11 

38 

At genii tin 

10 92 

13 7 

4 

20 

Philippine* 

Greece 

11 57 

1 » 5 

4 

28 

6 20 

7 0 

•> 

25 

Pzechnslox akin 

14 73 

18 4 

31/11 

16 4/5 

Poland 

27 18 

34 3 

5 1/11 

15 

Fi a nee 

10 02 

51 2 

2 1/2 

4 0/10 

Ut axil 

30 60 

40 7 

♦> 

4 

South Aft Pan 
Pnlon 

7 78 

0 7 

2/11 

o 


* Calculated fiotn the Won a ted Press aenedited 

MUM'S Of AllgUKt 0 


In the first place, taking the countries 
ail in all, the main lines of demarcation 
remain the same in both tables. The lit¬ 
tle countries of northern Europe still 
head the list, with little Finland doing 
nearly 18 times more than her share of 
realizing on her population basis. Ger¬ 
many and the 1 T S. A. realize nearly one 
and one half their shares, and Great Bri¬ 
tain registers more nearly as we think of 
her, that is, as a country who takes her 
sporta leisurely and with pleasure rather 
than grimly and strenuously. She scores 
just 100 per cent, of the points allotted 
her on a population basis. While Den¬ 
mark and Belgium do not score enough 
to appear at all in the list, there are 
Latvia and Hungary just ahead of Great 
Britain. The lower half of the table is 
made up of those countries which realized 
in track and field less than 100 per cent, 
of the scores allotted them on the popu¬ 
lation bases. It includes now Austria and 
Argentina, each of whom for all-events 
realized more than 100 per cent. On the 
whole, however, for track and field, as 
for all events, the larger countries seem 
to be able to do no better than to take 
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middle positions, some of them again 
taking positions down at the bottom of 
the list. 

One is tempted sorely to speculate as 
to the reasons for this great diversity in 
athletic prowess. When Owens was win¬ 
ning his wonderful races a great cry went 
up in the American press proclaiming 
that once and for all the myth of superi¬ 
ority of one race over another had been 
smashed. Perhaps in the short race (as 
has been suggested) some anatomical ad¬ 
vantage of bone or muscle structure gives 
the black man advantage over the white. 
In any case we must remember that the 
Negro boys were trained by white men in 
the white man’s institutions. Until some 
actual research is carried out we are 
obliged to regard slight anatomical vari¬ 
ations among peoples not so much the 
determining factors for winners as are 
the more subtle qualities of character and 
spirit added to the well-trained body. 
Luckily the games run off at the 
Olympiad were varied enough to give all 
peoples some chance to show what they 
may do well and thus gain points. 

It is generally stated by anthropolo¬ 
gists that all the nations of the world are 
made up of mixed races. Some of them, 
however, are much more mixed than 
others. It surely is an arresting fact that 
the countries standing in the upper half 
of the table represent the homelands of 
what remnants there are of the once 
* 1 great northern races/ * and that, with 
the exception of Denmark, those coun¬ 
tries appearing in the lower half of the 
list are on the whole those whose popula¬ 
tions represent the greatest racial mix¬ 
tures. 1 

Looking again for a moment at the 

1 The reader doubtless recalls arguments in 
favor of racial interbreeding. But athletic 
scoios put on a population basis, as above, give 
no support wliatever to such arguments, which 
after all are in the nature of wish fulfilments. 
The main thesis also of such articles as the 
recent one by Powers and Webster on “The 
Coloured Shadow in Sport n (Liberty, New 
York, and condensed in Magazine Digest for 
August, 1906) are thereby shown to be equally 
groundless. 


table for track and field one notes that it 
is just the little countries in the leading 
places that have no international debts, 
save Finland; and she, of all the Euro¬ 
pean countries that have such debts, is the 
only one who has been meeting her obliga¬ 
tions as they come due, a feat compared 
to which in these decadent days the win¬ 
ning of athletic games seems indeed to be 
mere child’s play. 

Political unrest and economic instabil¬ 
ity therefore may be playing a role, but 
just what is not clear. Since the late war 
Esthonia, Hungary and Austria surely 
have had their share of troubles, yet they 
score high in the all-events table; whereas 
comparative calm and security appar¬ 
ently have not helped Denmark and the 
Philippines to lift themselves out of the 
class of mediocrity. 

By far the clearest point revealed by 
the tables is the fact that mere bigness 
does not guarantee superiority in athletic 
sports for any land. Rather it would 
seem that the results of the Games bear 
out what is known to be a truth, namely, 
that with spread of empire the quality of 
the average individual weakens, which in 
turn is probably largely due to increased 
racial interbreeding. 

The world being what it is, it would 
be perhaps too much to hope that with 
the renewal of the Olympiads the nations 
of the world would so order their affairs 
that at some not too distant date the 
scores their youths bring home will ap¬ 
proach more and more nearly 100 per 
cent, of their shares allotted on the 
population basis. 

To hasten this day the committee in 
charge of the Games has done much, and 
may do more. First, by fostering to the 
utmost the friendly, generous spirit of 
sportsmanship; second, by adding to the 
number of events, to be held in the 
matches as many as possible of the games 
each country finds itself able to play 
well. Surely nothing the nations have 
undertaken together thus far has done so 
much for international understanding 
and appreciation as have the Olympic 
Gaines of the present century* 



THE PROGRESS OF SCIENCE 

THE HARVARD TERCENTENARY MEETING OF THE AMERICAN 
ASTRONOMICAL SOCIETY 


The fall meeting; of the American 
Astronomical Society was held at Har¬ 
vard University during: the first week 
of the Tercentenary Conference in Sep¬ 
tember; sixty-six papers were presented 
at the morning sessions. The initial 
paper gave one of the outstanding: con¬ 
tributions of the meeting. Professor E. 
W. Brown, of Yale University, reported 
on investigations dealing with the stellar 
case of the problem of three bodies. He 
studied the perturbations from the 
purely elliptical motion that will arise 
when the orbits m a close binary system 
are affected by the action of a distant 
third body. The problem reminds one 
of the lunar problem, but the essential 
difference lies in the fact that the mass 
of the sun is roughly 300,000 times the 
combined mass of the earth-moon system, 
whereas the three stars involved in the 
stellar case may be assumed to have com¬ 
parable masses. Brown has found that 
the stellar case can be solved to a high 
degree of approximation if he includes 
only a comparatively small number of 
terms in his series for the perturbations 
of the elements and that his solutions will 
hold for practically any value of the 
eccentricity or inclination. 

Drs. P. van de Kamp, A. N. Vyssotsky 
and Emma Williams-Vyssotsky, from the 
McCormick Observatory of the Univer¬ 
sity of Virginia, reported on the analysis 
of their large material of proper motions 
for faint stars. Important information 
on the decrease of star density perpen¬ 
dicular to the galactic plane has been ob¬ 
tained and the rapid falling off found 
for the red dwarf stars was one of their 
most startling results. The discovery of 
faint stars of low temperature was the 
subject of two papers, one by Dr. C. W. 
Hetzler, of the Yerkes Observatory, and 
a second one by Dr. V. M. Slipher and 

im 


Miss Alice M. Rogers, of the Lowell Ob¬ 
servatory. Both papers gave lists of 
very red stars that have already been 
found, and Hetzler suggested a surface 
temperature of hardly more than 1,000° 
C. for some of the objects in his survey. 

Nova Hereulis was given a good deal 
of attention and reports on the changes 
in its spectrum were made by representa¬ 
tives from the Perkins Observatory, the 
Observatory of the University of Michi¬ 
gan and the Dominion Astrophysical Ob¬ 
servatory. Velocities as high as 3,500 
km/sec had been recorded for some of 
the expanding shells shortly before the 
disappearance of the continuous spec¬ 
trum of the nova Of particular interest 
was an attempt to determine the distance 
of the nova from the intensities of the 
interstellar linos by Dr J. A. Pearce, 
which yielded an approximate value for 
this distance of 2,000 light years. 

Drs P. W. Merrill and O C. Wilson, 
of the Mount Wilson Observatory, have 
made further studies of the intensities of 
interstellar lines They find that the 
interstellar lines of unknown origin, to¬ 
wards the red end of the spectrum, are 
extremely strong and that their intensi¬ 
ties exceed considerably those of the well- 
known interstellar D lines, owing to 
sodium, and the H and K lines, owing 
to ionized calcium. Dr. Orren Molder, 
of the Cook Observatory of Wvnnewood, 
Pa., reported on studies of solar radia¬ 
tion in the wave-length interval 2,000 to 
2,300 Angstroms. He showed that some 
of the solar radiation in the ultra-violet 
will undoubtedly penetrate through our 
atmosphere in sufficient amount to be de¬ 
tectable at an altitude of only forty 
meters above sea-level. His observations 
did not indicate that the intensity of the 
radiation between 2,000 and 2,300 Ang¬ 
stroms in the true energy spectrum of 
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PhotoffKtfth from The Wot hi Photon, Ine 

KIR ARTHUR EDDINGTON AND PROFESHOR ANTONIE PANNEKOEK 


the sun exceeds considerably the amount 
to be expected for a black body at a sur¬ 
face temperature of 6,000° K. 

The Harvard Observatory had its 
“birthday party'’ on Friday morning, 
on which occasion twenty-eight papers 
by members of the staff were presented. 
Miss Annie J. Cannon, who has done 
more work in the classification of stellar 
spectra than any one else in the world, 
told about the innovation of the Henry 
Draper charts of stellar spectra. Dr. 
Harlow Shapley and Miss C. D. Boyd 
presented results of a study that revealed 
for the first time variable stars well be¬ 
yond the galactic center. Miss H. H. 
Swope reported on the discovery of a 
most remarkable variable star that had 
apparently changed from an irregular 
variable into a respectable Cepheid vari¬ 
able with a period that has gradually 
increased from 14 days in 1928 to 21 days 
in 1936. Dr. F. L. Whipple and Mr. L. 
E. Cunningham discussed the orbit of 
the asteroid Apollo, better known in the 
astronomical vernacular as * i lleinmuth *s 
object. ’' This asteroid was only observed 


for less than a month, and the elongated 
shape of its orbit would make its redis¬ 
covery highly important. The calcula¬ 
tions showed, however, that the chances 
for rediscovery are exceedingly small. 
Professor »T. S Paraskevopoulos, superin¬ 
tendent of the southern station of the 
Harvard Observatory at Bloemfontein, 
Orange Free State, South Africa, pre¬ 
sented some remarkable photographs of 
southern nebulae and clusters. Professors 
D. II. Menzel and J. C. Boyce reported 
preliminary results of the “ Harvard - 
M.I.T. ,, eclipse expedition to Ak Bulak 
(USSR), where they found the corona 
to be at least fifty times as bright as the 
full moon. 

The conferences on Thursday and Fri¬ 
day afternoons were undoubtedly the 
high points of the meeting. Professor 
Antonie Pannekoek, of the University 
of Amsterdam, Holland, told of his work 
on the interpretation of the continuous 
spectra of the stars. His paper gave a 
most lucid exposition of the complex 
problem of stellar surface temperatures. 
Professor Henry Norris Russell, of 
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Princeton University, the president of 
the American Astronomical Society, gave 
a summary of his extensive work on the 
masses of the stars. His investigation 
confirmed in a remarkable fashion Ed¬ 
dington’s pioneer work on the mass-lumi¬ 
nosity relation, and he gave important 
observational evidence bearing upon the 
hydrogen content of the stars. Dr. Th. 
Dunham, of Mount Wilson Observatory, 
discussed his work on the temperatures 
and pressures of the stars, and one of our 
most distinguished visitors from abroad, 
Dr Megh Nad Saha, of the University of 
Allahabad, told of the importance of 
studies of the ultra-violet radiation of 
the sun The final paper of the Thurs¬ 
day afternoon session was presented by 
Dr Otto Struve, director of the Yerkes 
and McDonald Observatories, who re¬ 
ported on a series of elegant investiga¬ 
tions on reflection nebulae made by him¬ 
self and his associates. Struve showed 
from studies of the similarity in color 


between stars and associated nebulae that 
Rayleigh scattering plays no role, but 
that sizable particles with diameters of 
the order of one thousandth of a milli¬ 
meter are largely responsible for the ap¬ 
pearance of the reflection nebulae. 

The main events of the Friday after¬ 
noon conference on cosmogony were ad¬ 
dresses by Professor Tullio Levi-Civita, 
of Rome, Italy, and Sir Arthur Edding¬ 
ton, of Cambridge, England. Unfortu¬ 
nately illness of his wife prevented Pro¬ 
fessor Albert Einstein from faking part 
in this discussion. Professor Levi-Civita 
had as his topic 4 ‘Astronomical Conse¬ 
quences of the Relativistic Two-body 
Problem,” and Sir Arthur Eddington 
spoke about “The Cosmical Constant 
and the Recession of the Nebulae.” Ad¬ 
ditional short papers were presented by 
Professor Arthur Haas, of the University 
of Notre Dame, and Professor H. P. 
Robertson, of Princeton University. 



DBS. SAHA AND SHAPLEY AT THE HARVARD COLLEGE OBSERVATORY 
Dr. Megh Nad Saha, of the University of Allahabad, editor of “Science and Culture/’ 
who reported upon his recent studies of the ultra-violet radiation of the sun ; Dr. 
Harlow Bhapley, director of the Harvard College Observatory, was host to the 

visiting astronomers. 
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Probably the most exciting event of 
the meeting took place after the society 
banquet on Friday evening, when Dr. 
H. D. Curtis, of the University of Michi¬ 
gan, showed motion pictures of the Run 
taken at the McMath-Hulbort Observa¬ 
tory at Lake Angelus, Michigan. I 
doubt very much whether any one pres¬ 
ent on that occasion would over have 
dared to predict that eruptive promi¬ 
nences could change in such a remark¬ 
able fashion as that shown by these mo¬ 
tion pictures The evident turbulent 
motion and the “sucking back” of some 
of the prominences into the solar surface 


were a most exciting sight. The motion 
pictures shown by Dr. Curtis had been 
taken only quite recently and the astro¬ 
nomical world looks forward to hearing 
about the details revealed upon further 
study. 

The Harvard meeting of the American 
Astronomical Society was rich in solid 
contributions, and I feel that it can be 
fairly said that there has been at no 
meeting in the past such an indication 
of abundant astronomical activity in the 
United States. 

Bart J. Bok 

Harvard College Observatory 


TWO PAPERS IN THE BIOLOGICAL SCIENCES OF THE HARVARD 
TERCENTENARY CONFERENCE 


The Mode of Operation of the 
“ Organizer” 

Professor IIans Spemann outlined 
experiments on the development of am¬ 
phibian larvae, carried out during the 
past fifteen years by himself and his 
associates, which have given much in¬ 
sight into the problem of why a particu¬ 
lar region in the early embryo develops 
into a particular organ in the embryo. 
When a fertilized egg-cell has only just 
begun to develop and the future embryo 
is represented by little more than a mass 
of cells surrounding a central cavity, 
there is no obvious sign of dominance of 
one part over another, but Professor 
Spemann showed that one particular 
region, the dorsal lip of the blastopore, 
determines the formation of the primary 
axis of the embryo. A tiny piece of tis¬ 
sue transplanted from this region into 
another part of the same or a different 
embryo will induce the formation of a 
second axis of development, and a double 
embryo will form. This organization of 
an entire embryo by a little piece of one 
young germ placed in another is the 
basis of the original concept of the u or¬ 
ganizer.” This idea and its experi¬ 
mental development won for Professor 
Spemann in 1935 the Nobel Prize in 
physiology and medicine. 


Professor Spemann explained that the 
starting point of this work lay in earlier 
experiments of the same sort, involving 
the removal of specific regions of the 
germ and their replacement by material 
from another place. If in a very young 
embryo of the Triton, a newt, a piece of 
tissue which would normally become 
brain is removed and replaced by tissue 
which would normally form skin, the 
latter does not become skin but brain. 
The identity of the transplanted and 
transformed tissue during its develop¬ 
ment can be proved by taking it from 
another species containing more or less 
pigment than the tissues of the host. 
This shows that in these early stages of 
development a given bit of tissue may 
become either skin or brain. Next came 
the question as to the nature of the in¬ 
fluence proceeding from the underlying 
structures, the so-called mesoderm, which 
directs the development of the trans¬ 
plant into brain in one case and skin in 
another. A long series of experiments 
showed that many substances from ani¬ 
mal tissues of the most diverse origins, 
from tape-worm to man, and even chemi¬ 
cally pure substances of known constitu¬ 
tion, exhibited this capacity of inducing 
differentiation. But the discovery of 
these wide-spread inductive effects ex- 
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erted by practically every tissue in the 
growing embryo is only one step in the 
solution of the problem, for it does not 
explain why the particular organ de¬ 
velops in its proper place, but only that 
development of some sort is induced. 
The answer is to be sought in part in the 
combination of the various influences 
from all the neighboring tissues. There 
is not only one but a whole system of 
“field-effects,” proceeding from various 
regions, whose interplay determines de¬ 
velopment. 

Professor Spemann further explained 
that many important factors also reside 
in the transplanted tissue itself. The 
stage of development at which the trans¬ 
plant is made may be decisive Appar¬ 
ently at one time a given bit of skin is 
“loaded” to the highest degree with the 
ability to produce, let us sav. the lens of 
the eye. If an inductor acts upon it at 
this moment of highest readiness a lens 
will be formed, while at a somewhat 
earlier stage it would have brought 
forth an embryonic brain. The factors 
inherent in the transplanted tissue itself 
appear still more clearly when tissue is 
transplanted between distantly related 
species. A piece of skin from the head 
region of an early toad embryo placed in 
the corresponding position in a Triton 
embryo will develop the suckers and the 
horny jaws characteristic of the toad 
instead of the corresponding balancing 
organs and teeth of the Triton. 

Evidently, concluded Professor Spe¬ 
mann, the releasing stimulus which in¬ 
duces development must in one respect 
be of quite specific nature, because it 
brings forth that which corresponds to 
the region; in another respect, however, 
it must be of quite general nature, be¬ 
cause, in the case of transplant between 
species the induced structure arises in 
the manner which is peculiar to the ani¬ 
mal from which the tissue was obtained. 
Figuratively speaking, whatever com* 
mand is issued by the inductors of the 
host, the response is executed by the 
transplanted tissue in the manner pro¬ 


vided by the inheritance of its own spe¬ 
cies. Concerning the mechanism of this 
response there is as yet no well-founded 
conception. 

Idiosyncrasy to Certain Chemical 
Compounds 

As a part of the Harvard Tercente¬ 
nary Conference of Arts and Sciences, 
Dr. Karl Landsteiner, of the Rockefeller 
Institute for Medical Research, who re¬ 
ceived the Nobel Prize in 1930 for his 
discovery of the blood groups, presented 
an address on “Serological and Allergic 
Reactions with Simple Chemical Com¬ 
pounds. 9 9 

Dr. Landsteiner has been engaged for 
many years on a searching study of the 
chemical reactions and processes under¬ 
lying immunity. Animals treated with 
a foreign protein (antigen) develop spe¬ 
cific substances (antibodies) which react 
chemically with the original antigen if 
it is again introduced into the body. 
This phenomenon is fundamental to the 
development of immunity to foreign bac¬ 
teria. On the other hand, under certain 
circumstances an animal treated with a 
minute amount of a foreign protein may 
be killed on subsequent injection of a 
small amount of the same substance, 
after a suitable time interval. This phe¬ 
nomenon is known as anaphylaxis. The 
biological mechanism underlying both 
anaphylaxis and immunity is the same, 
although its manifestations in the two 
cases are so radically different. Closely 
related to anaphylaxis is allergy or ex¬ 
cessive sensitiveness to foreign proteins, 
of which the most familiar example is 
hay fever. 

Dr. Landsteiner, who has probably 
done more than any other living man to 
elucidate the chemical nature of anti¬ 
gens and their specificity, devoted his 
lecture to a discussion of sensitivity to 
simple chemical compounds, and its re¬ 
lation to the general phenomenon of 
immunity. “The knowledge of excep¬ 
tional untoward effects of drugs,” he 
remarked, 4 ‘or disturbances resulting 
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from contact with plants or ingestion of 
food must be as old as medical experi¬ 
ence, and histories of such cases date 
from early times But the phenomena 
of idiosyncrasy, in particular drug idio¬ 
syncrasy . . remained wholly inexplic¬ 
able until the memorable discovery of 
anaphylaxis . . To all appearances 

this uas a clue to the understtflidmg of 
drug idiosyncrasy. In both cases very 
small quantities of otherwise innocuous 
substances produce severe effects in sen¬ 
sitive individuals, and in both instances 
the sensitivity is strikingly specific. 

44 Still,” Dr. Landsteiner continued, 
“there are significant differences be¬ 
tween the two conditions which at once 
seemed irreconcilable and which led 
many authors to deny any essential rela¬ 
tionship.” To clear up these discrepan¬ 


cies, studies were made by injecting 
simple chemicals repeatedly into the skin 
of guinea pigs. “In this way definite 
sensitization effects were obtained with 
numerous and diversified substances 
. . . As regards regularity the method 
compares with the standard anaphylaxis 
experiment and the comparison extends 
to the specificity of the reactions, the 
duration of the allergic state and the 
small quantities of substance, < jj , 1/250 
milligram which are sufficient to induce 
an increase in sensitivity ” 

After a detailed discussion of the sig¬ 
nificance of his experiments. Dr. Land¬ 
steiner concluded: “It may be taken as 
established from the foregoing I hat drug 
idiosyncrasy, m many instances at least, 
comes into the same category as anaphy¬ 
laxis.” H T. C. 


WOODS HOLE MEETING OF THE GENETICS SOCIETY OF AMERICA 


During the first 
week in September, 
the Genetics Society 
of America held 
its third summer 
meeting, which was 
unusually well at¬ 
tended, at the Ma¬ 
rine Biological Lab¬ 
oratory of Woods 
Hole Of the total 
registration of 149, 

68 were members 
and the remaining 
81 were non-mem¬ 
bers. As expected, 
a fair proportion of 
the attendance came 
from biologists who 
spend their summer 
at Woods Hole. 

However, 81 came — Photograph by Hachrach 

especially for the dr. p. w. whiting 

meeting. Of these President of the Genetics J^ciety of 
55 were members America; associate professor * of zoology, 
and 26 non-mem- University of Pennsylvania. 



bers. The largest 
representation of 18 
came from Cold 
Spring Harbor, N. Y, 
The conference was 
attended by an out¬ 
standing group of ge¬ 
neticists and eytolo- 
gists, among whom 
were Drs. W. E. Cas¬ 
tle, Ohas B. Daven¬ 
port, E. M. East, R. 
A. Emerson, C, E. 
McOlung, T. H. 
Morgan and E. B, 
Wilson. 

The meeting was 
opened on Septem¬ 
ber 3 with an 
evening lecture by 
Professor Th. Dobz- 
hansky, of the Cali¬ 
fornia Institute of 
Technology, on the 
“Genetic Nature of 
Species Crosses’ ’ and 
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OFFICERS OF THE GENETICS SOCIETY OF AMERICA 

WHICH HELD ITS THIRD SUMMER MEETING AT THE MARINE BIOLOGICAL LABORATORY AT WOODS 

Hole during the first meek in September. Lefl 1 o Rnjht on the steps of tiie laboratory . 
Dr. D. F. .1 ones; Dr L. .1. Stabler; I)k R. A Emerson, Dr. M. Demkrec. 


by a motion picture film of Professor 
L. li. Dice, of the University of Michigan, 
showing some types of waltzing and epi¬ 
lepsy in mice of the genus Peromyscus 
Dr. Dobzhansky, expanding the usual 
approach to genetics, said in part: “Or¬ 
ganisms are segregated into a finite num¬ 
ber of discrete groups, species, which are 
prevented from interbreeding or ex¬ 
changing genes with representatives of 
other similar groups. On the other hand, 
new gene combinations are constantly 
arising, due to mutation and hybridiza¬ 
tion. Evolution may be described as a 
resultant of interaction of two opposing 
groups of forces: those tending toward 
fixation of established gene patterns with 


proven survival value and those tending 
to the production of new gene patterns. 
Fixation is accomplished by a variety of 
‘isolating mechanisms’ preventing free 
interbreeding/’ The program consisted 
of the two morning sessions of round table 
discussions, each of which was attended 
by about 160. At each of these sessions 
the subject was briefly introduced by 
two speakers, after which followed a gen¬ 
eral discussion. The first session dealt 
with “Progress in Cytogenetics/’ and 
the second conference with the “Nature 
of Mutations.” The Friday afternoon 
session was devoted to the presentation 
of 26 demonstration papers. 

M. Demerkc 
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THE BRITISH ASSOCIATION AT BLACKPOOL 


Two of the greatest scientific groups 
in the world scheduled their 1936 meet¬ 
ings at famous amusement centers. The 
British Association for the Advancement 
of Science convened in the week from 
September 9 to 16 at Blackpool, a holi¬ 
day resort in the 4 ‘north-country " of 
England, while the American** Associa¬ 
tion is to meet at Atlantic City during 
the Christmas vacation period. 

Blackpool has been termed by Sir 
Josiah Stamp, president of the British 
Association, 44 the world's greatest center 
of mass amusement and gaiety." The 
choice of this meeting place was but a 
phase of the subtle plan underlying the 
1936 meetings, the application of science 
to human affairs. There was a distinct 
trend in the sectional meetings toward 
discussions and joint meetings dealing 


with the relations between science and so¬ 
ciety rather than isolated papers. The 
public lectures, delivered in neighboring 
districts, had a decided popular appeal. 

The meetings opened on September 9 
at the Empress Hall, Winter Gardens, as 
Sir Josiah Stamp delivered the presiden¬ 
tial address, "The Impact of Science 
on Society." Two evening discourses 
were presented to the entire group, Mr. 
C. C. Paterson on "Science and Electric 
Lighting," and Captain F. Kingdon 
Ward on "Plant-hunting and Explora¬ 
tion in Tibet." Following the lecture 
by Mr. Paterson, the members appro¬ 
priately had an opportunity to witness 
the annual autumn illumination of the 
sea-front, which has increased in splen¬ 
dor yearly during the past fifty years. 

The more formal portion of the divi- 



THE BEACH AT BLACKPOOL, ^NOLAND 

View from the Central Pier, showing the famous Blackpool tower in the background* 
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SIR JOSIAH STAMP, G.C.B., G B.E., 
President of the British Association 


sional programs consisted of addresses by 
the presidents of the various sections. 
In the mathematical and physical sci¬ 
ences, Professor Allan Ferguson, on 
44 Trends in Modern Physios”; chemis¬ 
try, Professor J. C. Philip, on 44 The 
Training of the Chemist for the Service 
of the Community”; biology, Professor 
H. L. Hawkins, on 44 Paleontology and 
Humanity”; zoology, Dr, Julian Hux¬ 
ley, on 4 4 National Selection and Evolu¬ 
tionary Progress”; geography, Brigadier 
H. S. Winterbotham, on 4 4 Mapping 
of the Colonial Empire”; economic sci¬ 
ence and statistics, Dr. C. R. Fay, on 


44 Some Aspects of Commercial Agricul¬ 
ture”; engineering, Professor W. Cramp, 
on 44 The Engineer and the Nation”; 
anthropology, Miss D. A. E. Garrod, on 
“The Upper Paleolithic in the Light of 
Recent Discovery”; physiology, Profes¬ 
sor R. J. S. McDowall, on 44 Integration 
in the Circulation”; psychology, Mr A. 
W. Wolters, on 4 4 Patterns of Experi¬ 
ence”; botany, Mr. J. Iiamsbotham, on 
44 The Uses of Fungi”; education, Sir 
Richard Livingstone, on 4 4 The Future in 
Education”; agriculture, Professor J. 
Hendrick, on 4 4 Soil Science in the 
Twentieth Century.” 
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The association this year inaugurated 
a policy in the sectional meetings of 
“ starring in the program those items 
which deal with aspects of knowledge the 
repercussions of which on the welfare of 
the community are direct and impor¬ 
tant ” Starred discussion sessions in¬ 
cluded those on high voltages, textiles, 
chemistry and the community; scientific 
problems of the poultry industry, climate 
and health, botany and gardening, social 
and cultural value of science, national 
nutrition and British agriculture, the 
strain of modern civilization, Abyssinia 
and engineering problems of mass-amuse¬ 
ment Discussions not starred dealt with 
genetics and the race coneept, education 
for rural life, motor-car headlights, sea 
defences, agricultural geography of the 
Fylde, earth movements in northeast 
England and the physical basis of living 
matter. 

The public lectures at outlying Black¬ 
pool South, Lvtham St Aimes, Poulton- 
le-Fylde, etc., included Dr Olaf Bloch, on 
“The Scope of Photography” ; Dr. W. F. 
Bewiey, on “Science and the Glass¬ 
house Industry”; Sir James Jeans, on 
“Some Recent Advances in Astron¬ 
omy”; Professor Allan Ferguson, on 
“Splashes and What They Teach”; 
Professor C. M. Yonge, on “Common 
Shore Animals”; Professor J. L My res, 


on “Who Were the Greeks?” and others. 
The appeal of the meetings was made 
universal by the inclusion of a special 
series of lectures for school children. 

Besides the unscheduled visits to the 
nearby amusement park and the open- 
air swimming hath, thirty sectional ex¬ 
cursions of scientific and educational in¬ 
terest were undertaken by members of 
the association, including expeditions to 
Garstang, Furness Abbey, the South- 
port Hand Dunes, Fleetwood Fish Docks, 
Fylde Farms, the Metropolitan-Vickers 
Works at Manchester, the Potato-testing 
Station at Ormskirk and the Mussel- 
cleaning Station at Lytham 

Sir Josiah Stamp, president of the 
association, is a world-known economist 
and chairman of the London, Midland 
and Scottish Railway. He has served on 
many committees relative to national and 
international economies, including the 
Dawes committee on German currency 
ami finance in 11*24 and the Paris com¬ 
mittee of inquiry into the reparations 
question of 1929. “Wealth and Taxable 
Capacity,” with editions in 1922 and 
1928, is one of the best known of bis 
books. He has received the honorary 
degrees of doctor of science from Oxford 
and Cambridge and the degree of doctor 
of laws from Harvard University. 

Correspondent 
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HARVARD TERCENTENARY CONFER¬ 
ENCE OF ARTS AND SCIENCES 

ADDRESSES GIVEN AT HARVARD UNIVERSITY IN SEPTEMBER, 1936 

CONSTITUTION OF THE STARS 

By Sir ARTHUR STANLEY EDDINGTON 

PROFESSOR OF ASTRONOMY, UNIVERSITY OF CAMBRIDGE 


When we turn a telescope on the sun, 
we look at it through its tenuous en¬ 
velopes—the corona and chromosphere— 
then down through a few hundred kilo¬ 
meters of its outermost atmosphere, to a 
level where it becomes too opaque for us 
to see further, just as, in looking down on 
the ocean, we can see down a few feet 
but no further. At the vaguely defined 
level which is the limit of our vision, the 
temperature is about 6,000°. What lies 
below that level! What is it like deep 
down in the interior of the sun—and the 
other stars? 

The exploration of the deep interior 
of the stars began in 1869 with a paper 
by Homer Lane of Washington, which 
he entitled, 4 ‘On the Theoretical Tem¬ 
perature of the Sun, under the Hypothe¬ 
sis of a Gaseous Mass, Maintaining its 
Volume by its Internal Heat and De¬ 
pending on the Laws of Physics as 
Known to Terrestrial Experiment/ f 
Evidently he didn’t believe in snappy 
headlines. This paper has been the 
foundation of developments by Ritter, 
JQxnden and others, which are being con- 
tinned at the present day. 

There is a phrase in the title of Lane’s 
paper Whieh I would underline: “De¬ 


pending on the laws of physics as known 
to terrestrial experiment That ex¬ 
presses the principle of which I profess 
myself a devotee. We want to find out 
how far the phenomena which we observe 
in the sky agree with, and are a conse¬ 
quence of, the laws that have been as¬ 
signed to matter as the result of terres¬ 
trial experiment. Take ordinary matter 
—some mixture of the elements that we 
know—and apply on a large scale the 
properties of matter and radiation that 
have been found by experiments on a 
small scale. Treat it as though you were 
designing a large dam instead of a large 
star—with just the same kind of calcula¬ 
tions and exercising so far as possible the 
same kind of foresight. The conditions 
in the star are very extreme; but the 
ultimate things to be dealt with—elec¬ 
trons, atomic nuclei, x-rays—are the same 
in the star as in the laboratory, and we 
can apply our laboratory knowledge of 
them. Calculate in this way what will 
be the properties of the huge mass— 
what, for example, will be its output of 
heat and light, what will be its period if 
it is set pulsating. Calculate 4 4 according 
to the laws of physics as known to ter¬ 
restrial experiment”; and then turn to 
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the man with the telescope and ask, “Is 
that anything like the stars you come 
across in the skyt” It may be that he 
will point out differences. If the stars 
have anything new to reveal to us— 
which the physicist with his limited con¬ 
ditions of experiment has been able to 
foresee—we shall in this waysort it out 
from that which is a direct consequence 
of what we already know or think we 
know. 

Investigations which follow this course 
of procedure are clearly not speculative. 
However faulty and uncertain they may 
be, they keep to the pedestrian path of 
progress and eschew flighty conjecture. 
Parenthetically, may I ask whether it is 
not possible for critics of theoretical 
investigations of the stars to find some 
other term of disapprobation than the 
term speculative; one prefers to have 
even one’s faults called by the right 
name. I don’t class all speculation as a 
fault; and it has sometimes happened 
that important advances have begun in 
a speculative way. The real harm is 
when speculative attempts are not suffi¬ 
ciently discriminated from the straight¬ 
forward application of existing knowl¬ 
edge ; and the converse is no less harmful 
—when Lane’s pattern of investigation, 
that is to say, the results of applying 
on the stellar scale the laws found in the 
laboratory, is confused with the frankly 
speculative theories that have at times 
been put forward; and, perhaps I may 
add for the benefit of the mathemati¬ 
cians here, worst of all, when stars con¬ 
stituted of matter obeying the laws of 
physics, so far as they have been un¬ 
raveled to-day, are confused with mathe¬ 
matical creations whose only claim on 
our attention is that they satisfy elegant 
differential equations. 

I will not guarantee that the conclu¬ 
sions that I shall put before you will 
survive the progress of knowledge in the 
next fifty years. If by then the stars of 
gaseous constitution which we accept to¬ 
day have given place to liquid stars or 


solid stars or, as I once suggested, crys¬ 
talline stars composed of gaseous crystals 
—well, there have been more surprising 
changes in science than that. But I 
believe firmly that the conclusions are 
such as fit our present scientific knowl¬ 
edge; and that they represent present- 
day astronomy in step with present-day 
physics. To use a rather favorite word 
nowadays, unification, the interest of 
these investigations is, I think, not so 
much dependent on the absolute infor¬ 
mation they yield, as in the unification 
of physics and astrophysics—enabling 
us to see one underlying cause or one 
elementary equation at the root of the 
most diverse manifestations, tracing its 
effects in the vacuum tube, in the inte¬ 
rior of star, in the diffuse nebulae, and— 
not least—the system of galaxies which 
constitutes the cosmos. 

I want to leave time to speak of recent 
problems, bo I will run over rather 
briefly the older part of the subject. 
Let us suppose that by observation from 
outside we have ascertained the mass M 
and the radius R of a star—just those 
two data. Armed with this information, 
what can we deduce (by laws of physics) 
about its interior? 

The first difficulty is that, although 
we have ascertained the total mass, we 
have not found how it is distributed— 
whether it is fairly uniform throughout 
the volume of the star or strongly con¬ 
centrated to the center. I won’t stop to 
explain how we have got over this diffi¬ 
culty; but it is a side of the problem 
in which considerable progress has been 
made in the last year or two. Although 
we can not determine the concentration 
accurately, we can assign limits by 
purely theoretical deduction. The cen¬ 
tral density is not less than five times the 
mean density, and not more than fifty 
times the mean density—so that we know 
roughly the degree of concentration that 
we are up against. 

Knowing then how the mass is dis¬ 
tributed in the structure we can cal- 
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culate the pressure at any depth. Any 
civil engineer will tell you that that is 
possible, so that we know the pressure 
as well as the density at each point in 
the interior. Now the density, pressure 
and temperature are connected by a 
relation called the equation of state of the 
material; if any two of them are known 
we can find the third. In this case we 
know the pressure and density and we 
can therefore find the temperature— 
which is, of course, an extremely im¬ 
portant thing to find out—in order to 
realize the sort of conditions we have to 
deal with. For all the stars except white 
dwarfs, the equation of state, which con¬ 
nects the temperature with the pressure 
and density, is the well-known equation 
of a perfect gas. For the extremely 
dense matter in white dwarf stars the 
equation is more complicated; but the 
theoretical physicist by his terrestrial 
studies has worked out for us the re¬ 
quired equation. (Incidentally he has 
worked it out wrong—but that is an¬ 
other story, and Ill speak about the 
white dwarfs later. For the present we 
will keep to the ordinary stars.) 

The internal temperatures determined 
in this way are of the order 10 to 20 mil¬ 
lion degrees Centigrade. Having ascer¬ 
tained this, we begin to realize the state 
of things that we have to deal with. At 
this temperature all the atoms will be 
highly ionized. Light elements such as 
oxygen will be stripped bare to the nu¬ 
cleus, and heavy elements such as iron 
and lead will retain only a few of the 
innermost satellite electrons. The rest 
of the electrons will be free. We have 
therefore to deal with a population con¬ 
sisting of free electrons, the shattered 
remnants of atoms and photons or 
quanta of radiation. Planck’s law de¬ 
termines both the amount and kind of 
radiation present at a given tempera¬ 
ture. At 10 to 20 million degrees the 
radiation consists of rather soft x-rays. 

Now, we can see more or less what is 
happening at 10 million degrees in the 


interior of the sun. Crowded together 
within a cubic centimeter there are more 
than a quadrillion atoms, about twice as 
many free electrons and 20,600 trillion 
x-rays (British reckoning). The x-rays 
are traveling with the speed of light, and 
the electrons at 10,000 miles a second. 
Most of the atoms are hydrogen atoms 
or rather, since they have lost their satel¬ 
lite electrons, simply protons traveling 
at 300 miles a second. Here and there 
there will be heavier atoms such as iron 
lumbering along at 40 miles a second. I 
have told you the speeds and the state of 
congestion of the road; and I will leave 
you to imagine the collisions. Small 
wonder if the atoms are found with their 
garb of electrons badly torn or even 
stripped naked. 

The stripped atoms are continually 
capturing free electrons and, so to speak, 
repairing their dress; but scarcely has 
the captured electron settled when an 
x-ray bears down on it and explodes it 
away. This is not a fanciful picture. 
These are phenomena which have been 
found happening in the laboratory when 
we use x-rays of the same wave-length 
and electrons of the same speed as in the 
sun. There is no need to go beyond the 
limits of terrestrial experiment to dis¬ 
cover what is happening to the popula¬ 
tion, and all the calculations have an 
experimental basis. 

The atoms and electrons are rushing 
violently hither and thither; but on the 
whole they do not get any “forrarder”; 
gravitation pulls them back and keeps 
the material of the star in equilibrium. 
But the x-rays gradually leak outwards. 
They are subject to gravitation, it is 
true; but their velocity of 186,000 miles 
a second is sufficient for escape from any 
star. It is just the same as in the theory 
of planetary atmospheres, where gravita¬ 
tion is sufficient to retain the heavier 
constituents, but the lightest atoms have 
sufficient velocity to escape. The planet 
thus loses the lightest gases; and in the 
same way the star loses (or, as we say, 
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radiates) photons of radiation. I should 
explain that, although these photons are 
x-rays in the interior of the star, they 
are transformed down to longer wave¬ 
length in passing through the last few 
thousand kilometers of comparatively 
cool matter; so that it is in the form of 
light and heat waves that they finally 
escape. 

So you may picture a photon of radia¬ 
tion, barging first one way, then another, 
like a man in a rioting mob—absorbed 
by an atom and flung out again in a new 
direction. In this way a photon in the 
sun will wander aimlessly round in the 
interior for a million years or more un¬ 
til, just by accident, it finds itself at the 
exit of the maze—shoots through—and 
makes a bee-line across space to the Oak- 
ridge reflector, where Professor Shapley 
photographs it. 

Having first ascertained the particu¬ 
lars about the population that I have 
been describing, we can apply the laws 
(based on laboratory experiment) which 
determine the amount of obstruction of¬ 
fered by atoms and electrons to the pas¬ 
sage of x-rays, and so find how many 
photons leak out into space per second. 
We can compare this result with obser¬ 
vation—that is to say, we can see 
whether Professor Shapley catches as 
many of them with his telescope as (ac¬ 
cording to our calculation) he ought to 
catch—in short, whether the star is actu¬ 
ally as bright as our calculation makes 
it. 

In the last few years we have found a 
complication in the calculation which I 
must now explain. At an earlier stage 
we had to ask the physicist to supply a 
formula giving the temperature of a gas 
when the pressure and density are 
known. Not unreasonably he will ob¬ 
ject : “ You have not given me enough in¬ 
formation. What is the gas?—oxygen t 
iron vapor? mercury vapor? or what? 
We can not say.” 

But on second thought he withdraws 
the objection. “ Never mind. Ordina¬ 


rily it would make a big difference, but 
at the high temperatures we are con¬ 
cerned with it makes practically no dif¬ 
ference what element we take. The 
atoms will be almost completely ionized; 
that is to say, their satellite electrons 
will be moving as free particles. We 
only want to know the average weight 
per free particle. The number of satel¬ 
lite electrons in an atom is roughly half 
the atomic weight—so that we shall have 
roughly 2 units of weight per particle, 
for example, oxygen. Owing to this re¬ 
markable property it has been possible 
to make considerable progress with the 
theory of the interior of a star without 
knowing what chemical elements it is 
composed of.” 

Those are the physicist’s second 
thoughts. But on third thought he ex¬ 
claims, “Bother! There’s hydrogen.” 
The rule that there are two units of 
weight per particle does not work for 
hydrogen. It has atomic weight 1 and 
splits up into a proton and electron so 
that the average weight per particle is 
i —instead of 2. That makes a vast dif¬ 
ference. 

A year or two ago the physicist had 
some alarming fourth thoughts about 
neutrons; but neutrons are absorbed 
very easily by atomic nuclei and I think 
they will have only a transitory ex¬ 
istence on the sun, as on the earth, and 
never form an appreciable part of the 
population—so we won’t worry about 
fourth thoughts. The crux of the mat¬ 
ter is that, for the purposes of these in¬ 
vestigations, there are just two kinds of 
matter, namely, hydrogen and not-hy- 
drogen. Hydrogen gives a much lower 
temperature than not~hydrogen, and 
therefore lower brightness for a star of 
the same mass and radius. Our compari¬ 
son of theory and observation can there¬ 
fore be used in two ways. We can cal- 
culate.the brightness of a star, assuming 
the material to be not-hydrogen, com¬ 
pare it with observation, congratulate 
ourselves on the partial agreement we 
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find, and ponder over the possible 
sources of the discrepancies which re¬ 
main—one possible source of discrep¬ 
ancy will be the presence of a significant 
proportion of hydrogen. The other way 
is to try various combinations of hydro¬ 
gen and not-hydrogen until we find the 
proportion which gives precise agree¬ 
ment of the calculated and observed 
brightness. That is the method we gen¬ 
erally employ nowadays; the observed 
brightness of a star tells us what propor¬ 
tion of its mass consists of hydrogen. 

Dr. Bengt Stromgren found in this 
way that the sun, Capella and other typi¬ 
cal stars contain 33 per cent, of hydro¬ 
gen. My own calculations agreed pre¬ 
cisely. This agreement is rather spe¬ 
cially interesting because we adopted 
different composition for the remaining 
66 per cent, of the mass. Stromgren 
used a mixture of rather light elements, 
familiarly known as “Russell's Mix¬ 
ture/ 9 believed to agree with the compo¬ 
sition of the outer layers determined 
with the spectroscope; I used a mixture 
about three times heavier. Our precise 
agreement confirms what I have already 
said—that it makes no difference what 
kind of stellar material you assume—so 
long as it is not-hydrogen . It is still 
doubtful to what extent the proportion 
of hydrogen varies in different stars; 
there is some evidence that it is greater 
in the most massive stars, but the evi¬ 
dence is not very good. An important 
paper presented by Professor H. N. 
Russell to the Tercentenary Conference 
was partly devoted to this question. 

I must say a word about the agree¬ 
ment of theory and observation. Since 
we determine the proportion of hydro¬ 
gen so as to make the observed and cal¬ 
culated brightness agree, we obviously 
can not claim that the agreement is a 
confirmation of the theory. Nevertheless 
it does furnish a fairly efficient check. 
Unless the theory were pretty near the 
truth we should find that for some of the 
stars which we try, it would be impos¬ 


sible to find any proportion of hydrogen 
that would bring about agreement. It 
is satisfactory therefore that all the stars 
give a reasonable proportion. If Strom¬ 
gren had found, instead of 33 per cent., 
an answer which involved the square 
root of -1, as might easily have hap¬ 
pened, we should have concluded that 
there was something fishy about the 
theory. 

The recognition of white dwarf stars 
with density far transcending that of 
any terrestrial matter is one of the more 
spectacular developments of the study of 
stellar constitution. A cubic inch of the 
matter of the companion of Sirius weighs 
about a ton and some of the more re¬ 
cently discovered white dwarfs appear to 
have higher densities even than that. In 
order to explain a new point which has 
arisen in connection with the theory of 
these stars, I must go back to past his¬ 
tory. In 1924 the mass-luminosity rela¬ 
tion—that is, the formula expressing the 
result of the calculation I have been de¬ 
scribing—was worked out; and, on com¬ 
paring with observation, it turned out 
that it was obeyed not only by the diffuse 
giant stars for which it was intended but 
also by the dwarf stars with densities 
greater than water for which it was not 
intended. This was a complete surprise. 
But the explanation was not difficult to 
find. We had been taking it for granted 
that stellar matter would cease to be¬ 
have as a perfect gas when the density 
approached that of ordinary liquids or 
solids. Ordinary terrestrial atoms then 
begin to jam together and the material 
becomes almost incompressible. But in 
the stars the temperature of 10 million 
degrees causes most of the satellite elec¬ 
trons to be stuffed away from the atom, 
and what is left of the atom is a tiny 
structure. The atoms or ions are so re¬ 
duced in size that they will not jam until 
densities 100,000 times greater are 
reached. For this reason, the perfect gas 
state continues up to much higher den¬ 
sities in the stars. The sun and other 
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dense stars insisted on obeying the the¬ 
ory worked out for a perfect gas, as they 
had every right to do, since their mate¬ 
rial was perfect gas. 

There was therefore nothing to pre¬ 
vent stellar matter from becoming com¬ 
pressed to exceedingly high density; and 
it suggested itself that the densities 
which had been calculated from observa¬ 
tion for certain stars called white 
dwarfs, which had seemed impossibly 
high, might be genuine after all. 

In reaching this conclusion I was not 
without a certain misgiving. I was un¬ 
easy as to what would ultimately happen 
to these super dense stars. The star 
seemed to have got itself into an awk¬ 
ward fix. Ultimately its store of sub¬ 
atomic energy would give out and the 
star would then want to cool down. But 
could it? The enormous density was 
made possible by the high temperature 
which shattered the atoms. If it cooled 
it would presumably revert to terrestrial 
density. But that meant that the star 
must expand to say 5,000 times its pres¬ 
ent bulk. But the expansion requires 
energy—doing work against gravity; 
and the star appeared to have no store 
of energy available. What on earth was 
the star to do if it was continually losing 
heat, but had not enough energy to get 
cold! 

The high density of the companion of 
Sirius was duly confirmed by Professor 
Adams—but this puzzle remained. 
Shortly afterwards Professor R. H. Fow¬ 
ler came to the rescue in a famous paper, 
in which he applied a new result in wave 
mechanics which had just been discov¬ 
ered. It is a remarkable coincidence 
that just at the time when matter of 
transcendently great density was dis¬ 
covered in astronomy, the mathematical 
physicists were quite independently 
turning attention to the same subject. I 
suppose that up to 1924 no one had given 
a serious thought to abnormally dense 
matter; but just when it cropped up in 
astronomy it cropped up in physics as 


well. Fowler showed that the newly dis¬ 
covered Fermi-Dirac statistics saved the 
star from the unfortunate fate which I 
had feared. 

I will say a word or two about Pro¬ 
fessor Fowler’s explanation. My col¬ 
league Fowler was in his youth a pure 
mathematician, and I am afraid he has 
never really recovered from this up¬ 
bringing. Consequently, although his 
paper contained reassuring equations, it 
did not clearly reveal the simple physical 
modification of ideas which wave me¬ 
chanics brought about. He proved that 
the star would manage all right. But, as 
you may have inferred from Professor 
Hardy’s revelations, I am not an ex¬ 
treme worshipper of proof. I want to 
know why; a proof does not always tell 
you that. As Clerk Maxwell used to ask, 
* 4 What’s the go of it?” Well, in this 
case the “go of it” was that whereas the 
older theory said that atoms could only 
be ionized by high temperature the new 
wave mechanics said that high tempera¬ 
ture was not essential because they 
could also be ionized by crushing them 
under high pressure. Several writers 
tumbled to it, before I did, that that was 
what Fowler’s rather mysterious result 
really meant; but I think that it is still 
not at all generally known. You see this 
allows the star to cool down and still 
retain its enormous density—which the 
older classical physics did not. 

Not content with letting well alone, 
physicists began to improve on Fowler’s 
formula. They pointed out that in white 
dwarf conditions the electrons would 
have speeds approaching the velocity of 
light, and there would be certain rela¬ 
tivity effects which Fowler had ne¬ 
glected. Consequently Fowler’s formula, 
called the ordinary degeneracy formula, 
came to be superseded by a newer 
formula, called the relativistic degener¬ 
acy formula. All seemed well until 
certain researches by Chandrasekhar 
brought out the fact that the relativistic 
formula put the stars back in precisely 
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the same difficulty from which Fowler 
had rescued them. The small stars 
could cool down all right, and end their 
days as dark stars in a reasonable way. 
But above a certain critical mass (two or 
three times that of the sun) the star 
could never cool down, but must go on 
radiating and contracting until heaven 
knows what becomes of it. That did not 
worry Chandrasekhar; he seems to like 
the stars to behave that way, and believes 
that that is what really happens. But 
I felt the same objections as twelve years 
earlier to this stellar buffoonery; at least 
it was sufficiently strange to rouse my 
suspicion that there must be something 
wrong with the physical formula used. 

I examined the formula—the so-called 
relativistic degeneracy formula—the 
conclusion I came to was that it was the 
result of a combination of relativity 
theory with non-relativistic quantum 
theory. I do not regard the offspring of 
such a union as born in lawful wedlock. 
The relativistic degeneracy formula— 
the formula currently used—is in fact 
baseless; and, perhaps rather surpris¬ 
ingly, the formula derived by a correct 
application of relativity theory is the 
ordinary formula—Fowler’s original 
formula which every one had abandoned. 
I was not surprised to find that in an¬ 
nouncing these conclusions I had put 
my foot in a hornet’s nest; and I have 
had the physicists buzzing about my ears 
—but I don’t think I have been stung 
yet Anyhow, for the purposes of this 
lecture, I will assume that I haven’t 
dropped a brick. 

I venture to refer to a personal aspect 
of this investigation, since it shows how 
closely different branches of science are 
interlocked. At the time when my sus¬ 
picion of the relativistic degeneracy 
formula was roused by Chandrasekhar’s 
results it was very inconvenient to me 
to spare time to follow it up because I 
was immersed in a long investigation in 
a different field of thought. This work, 


which had occupied me for six years, was 
nearing completion and there remained 
only one problem, namely, the accurate 
theoretical calculation of the cosmical 
constant, needed to round it off. But 
there I had completely stuck. I had, 
however, secured a period of four months 
free from distractions which I intended 
to devote to it—to make a supreme effort, 
so to speak. But having incautiously 
begun to think about the degeneracy 
formula I could not get away from it. 
It took up my time. The months slipped 
away, and I had done nothing with the 
problem of the cosmical constant. Then 
one day in trying to test my degeneracy 
results from all points of view, I found 
that in one limiting case it merged into 
a cosmical problem. It gave a new ap¬ 
proach to the very problem which I had 
had to put aside—and from this new 
approach the problem was soluble with¬ 
out much difficulty. I can see now that 
it would have been very difficult to get 
at it in any other way; and it is most un¬ 
likely that I should have made any prog¬ 
ress if I had spent the four months on 
the direct line of attack which I had 
planned. 

The paper which I read before the 
Harvard Tercentenary Conference of 
Arts and Sciences, giving a calculation 
of the speed of recession of the spiral 
nebulae and the number of particles in 
the universe, had an astronomical origin. 
It was not, however, suggested by con¬ 
sideration of the spiral nebulae. It arose 
out of the study of the companion of 
Sirius and other white dwarf stars. 

I mentioned that we only gradually 
came to realize that ionization could be 
produced by high pressure as well as by 
high temperature. I think the first man 
to state this explicitly was D. S. Kothari. 
Stimulated by some work of H. N. Rus¬ 
sell, Kothari has made what I think is 
an extremely interesting application. 
The relation of ionization to pressure is 
a curious one, for at low pressures we 
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decrease the ionization by increasing the 
pressure; but the ionization must have a 
minimum, for at high pressures the 
Fermi-Dirac complication steps in and 
the ionization ultimately increases with 
pressure. No one seems to have bothered 
much about this revised ionization law; 
they have been content to recognize or I 
think rather to guess that in white 
dwarfs the ionization would be pretty 
high Kothari, however, has treated it 
seriously and worked out the degree of 
ionization in various conditions, includ¬ 
ing comparatively small masses in which 
the pressure is relatively low and the 
ionization is not very high. 

I turn now to the subject of sub¬ 
atomic energy which we believe to be the 
source which maintains a star's heat. 
This is a matter on which, until about 
three years ago, terrestrial experiment 
gave us no help at all. Conditions have 
now changed, and physical laboratories 
throughout the world have given them¬ 
selves up to an orgy of atom-splitting . 
It is of immense importance for the 
future of astronomy that a new labora¬ 
tory technique enables us to experiment 
directly on the processes of liberation of 
energy by transmutation of atomic 
nuclei, since these are almost certainly 
the processes which keep the stars alight. 
But at present it is too early to expect 
results this way. The theory of stellar 
constitution, which I have been describ¬ 
ing, was built up without any laboratory 
knowledge of a sub-atomic energy. This 
was possible because the problem of the 
source of maintenance of a star's heat 
could be segregated almost completely 
from the rest of the problem. By Lane's 
method we could determine the tempera¬ 
ture—how much heat there was in the 
star—without speculating as to how it 
came to be there; and we could show 
that a star so endowed must radiate at the 
moment a calculable amount of light and 
heat—without inquiring how it man¬ 
aged to go on radiating it for thousands 


of millions of years. In short, the struc¬ 
tural problem could be segregated from 
the evolutionary problem. 

The only point at which the segrega¬ 
tion is not complete is this: The concen¬ 
tration of density towards the center of 
a star depends to some extent on how 
the source maintaining the heat is dis¬ 
tributed. It seems clear from present- 
day experiment, as well as from astro¬ 
nomical evidence, that the liberation of 
sub-atomic energy increases rapidly with 
temperature; so that we may expect it 
to occur mainly in the hottest central 
part of the star. This has the effect of 
diminishing the concentration of density 
to the center—making it less than in the 
standard model which has generally been 
employed. This effect is. however, lim¬ 
ited ; because if the star overdoes it con¬ 
vection currents are set up, which bring 
about compensation. To describe our 
present conclusion I must use technical 
terms: The density distribution near the 
outside has a polytropic index 3 which 
gradually diminishes to 1.5 at the center, 
where there is a convective core I am 
speaking of ordinary stars such as the 
sun; but curiously enough this specifica¬ 
tion of the density distribution applies 
also to white dwarfs—for which it has 
long been the recognized model—though 
in the white dwarfs it comes about in 
quite a different way. 

Apart from this refinement, the re¬ 
searches which I have hitherto described 
are not affected by theories of sub-atomic 
energy. But they put us in a favorable 
position to learn something about the 
laws of sub-atomic energy. Many well- 
known lines of argument have convinced 
us that the sun and stars have a lifetime 
to be reckoned in thousands of millions 
of years—which means that evolutionary 
changes are extremely slow and that the 
heat radiated by a star into space is 
almost exactly balanced by the heat lib¬ 
erated from sub-atomic sources in the 
interior. So when we measure the radia- 
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tion of a star, we measure the generation 
of sub-atomic energy. You see then that 
the measurement of sub-atomic energy 
is just a common everyday astronomical 
measurement. 

To the engineer the release of sub¬ 
atomic energy on a practical scale is, and 
seems likely to remain, a Utopian dream 
To the physicist it was, until three years 
ago, a field of uncontrolled theoretical 
speculation To the astronomer it has 
long been an every-day phenomenon 
which it would be absurd to close his 
eyes to 

Having then measured the rate of re¬ 
lease of sub-atomic energy in all types 
of stars, we can correlate it to the tem¬ 
peratures and densities which we have 
found in the interior. This more or less 
direct investigation of the conditions of 
release can be supplemented by a theo¬ 
retical examination of the conditions of 
stability of stars containing such a source 
—a line of attack initiated by Professor 
II. N. Russell. 

If the star contracts, the liberation of 
sub-atomic energy must be stimulated; 
otherwise the star is unstable. We can 
not deduce astronomically whether the 
stimulus comes from the increased tem¬ 
perature or the increased density; but 
for simplicity we shall suppose it to be 
mainly the temperature. Then each star 
contracts until its internal temperature 
reaches the value at which the liberation 
of sub-atomic energy the heat radiated 
and there it sticks—not quite indefinitely 
but for a very long period until the 
sources of sub-atomic energy show signs 
of exhaustion. The stars on the main 
series appear to be those which have 
reached this balance and stuck. Now it 
is one of the results of our previous in¬ 
vestigations that the stars of the main 
series, from the most massive to the 
lightest, have practically the same inter¬ 
nal temperature. We used to give the 
central temperature as 40,000,000°, but 
the figure has come down—partly by the 


recognition of the abundance of hydro¬ 
gen and partly by the substitution of a 
less condensed model, and the present 
estimate is about 15 million degrees. 
But whatever it is, it is nearly the same 
for all. It appears therefore that on the 
main series a small star which requires 
a small amount of energy per gram to 
maintain its radiation and a massive star 
requiring 1,000 times as much energy 
per gram both have to rise to 15 million 
degrees to liberate. Or to put it another 
way the liberation must increase 1,000 
fold m a rise of temperature scarcely 
large enough for us to notice in our 
rather rough calculations. 

Another result of the examination of 
the stability of a star is important. The 
rate of liberation of sub-atomic energy 
must increase with temperature but not 
too fast; if it increases more steeply than 
a certain limit the star will be thrown 
into pulsation. Some stars do pulsate, 
namely, the Cepheid variables, but the 
majority do not. Perhaps we may infer 
that the actual law of increase is pretty 
near the limit, so that the conditions of 
most of the stars are on the one side and 
those of the Cepheids just beyond it. 
But there is a way by which the star can 
escape this pulsatory instability. We 
have been supposing that the response of 
the sub-atomic energy to the stimulus of 
temperature is immediate; if there is a 
lag—if the rising temperature stimulates 
the formation of active material which 
emits the energy later on in its own good 
time, or if it starts a chain of processes 
of which the actual energy liberation is 
the last, then there will be no pulsation. 
A lag of some days at least is required. 
Provided there is this lag, the stars will 
be stable, even though the energy—lib¬ 
eration increases very rapidly with the 
temperature—as our observational re¬ 
sults for the main series stars indicate 
and as is also indicated by the recent 
laboratory experiments. 

This is the main information about 
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sub-atomic energy that we have learned 
from astronomy. I suppose that, taken 
altogether, it seems a meager amount. 
But its importance is considerably en¬ 
hanced, when we recall that on almost 
every point it was completely at variance 
with the views then held by physicists. 
The only form of liberation of sub¬ 
atomic energy with which the physicist 
was then acquainted was that of the 
radio-active elements—a process inde¬ 
pendent of density and unaffected by 
temperature unless the temperature was 
far higher than 15 million degrees; and 
he was inclined to be intolerantly dis¬ 
posed towards considering any other 
process, no matter how strong the astro¬ 
nomical evidence might be. I can not 
but think that this is an instance of the 
harm done by the writers who give the 
impression that stellar investigation is a 
field of loose speculation. Physics and 
astrophysics are one subject, following 
the same rules of progress, recognizing 
the same standards of rigorous deduc¬ 
tion, and utilizing the same corpus of 
accepted knowledge; and liable to the 
same failures through our human limita¬ 
tions. 

Various attempts were made to find a 
loophole for admitting much higher tem¬ 
peratures in the stars so as to satisfy 
the physicist’s objection to admitting 
energy liberation controlled by low tem¬ 
perature; for example, Jeans’s theory of 
elements of very high atomic weight, and 
Milne’s theory of the existence of a core 
of white dwarf density in ordinary stars 
like the sun. We can scarcely say that 
such suggestions are impossible without 
attributing to our existing knowledge of 
the laws of physics greater completeness 
than we care to claim. But I think it 
can be said firstly that these theories 
were found on examination not to fulfil 
what was initially claimed for them—on 
the strength of which they were recom¬ 
mended. And secondly it is not unfair 
to describe them as agreeing with the 


physicist on a matter as to which he knew 
nothing at the expense of disagreeing 
with him on matters as to which he 
claimed to know a great deal. 

All that has changed now that these 
sub-atomic processes have been studied 
in the laboratory. They are found to 
require comparatively low speeds of the 
particles, corresponding to compara¬ 
tively low temperatures, such as the stel¬ 
lar investigations had indicated. The 
first criticism I heard, after the experi¬ 
ments on disintegration of elements by 
protons had begun, was that 40 million 
degrees was too high a temperature for 
the sun; and it could not be much over 
15 million degrees without blowing up. 
Happily we had been beforehand; and 
the revised astronomical calculations 
already lowered the temperature to a 
point which makes the sun safe for pos¬ 
terity. 

New experimental discoveries have 
helped us to come to an important deci¬ 
sion as to the nature of the sub-atomic 
energy released in the stars. For fifteen 
years we have been hesitating between 
two alternative suggestions. The energy 
might be provided by electrons and pro¬ 
tons annihilating one another, thus set¬ 
ting free the whole energy of their con¬ 
stitution in the form of radiation. Or 
it might be provided by transmutation 
of the elements. Even in this applica¬ 
tion it remains true that we need dis¬ 
tinguish only two kinds of stellar matter, 
namely hydrogen and not-hydrogen; so 
the transmutation can be more precisely 
defined as the transmutation of hydrogen 
into not-hydrogen. The annihilation of 
a proton by an electron corresponds to 
the complete disappeaance of a hydrogen 
atom. The energy released by the trans¬ 
mutation of a hydrogen atom into other 
elements is only about 1/120 of the 
energy which would be released by its 
complete disappearance. Thus the an¬ 
nihilation hypothesis provides more than 
100 times as much energy as the trans- 
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mutation hypothesis; and the possible 
lifetime of a star is correspondingly 
increased. 

Attempts to decide between the two 
alternatives by astronomical evidence 
were inconclusive. But recent progress 
in physics seems to point decidedly to 
the transmutation hypothesis; and the 
annihilation hypothesis seems to have 
been generally abandoned. Perhaps the 
most serious blow to it was the discovery 
of the positron by Anderson at Pasadena. 
The positron, not the proton, is the true 
opposite of an electron; and positrons 
and electrons do annihilate one another. 
Our lust for slaughter being thus satis¬ 
fied, it would be incongruous to bring 
in the proton as an alternative agent; 
and we look on the supposed annihilation 
of electrons by protons as a rather mis¬ 
directed anticipation of the real can¬ 
celling. 

Simultaneously the very long time- 
scale, which corresponds to the annihila¬ 
tion hypothesis, had lost its attractive¬ 
ness. The phenomenon of the expansion 
of the system of the galaxies which con¬ 
stitutes our universe, as well as studies 
of the stability of individual galaxies, 
make it difficult to assign an age to the 
stars greater than 5,000 million years. 
The radiation required for this period 
is amply provided for by the transmu¬ 
tation hypothesis, and the hundred fold 
greater energy provided by the annihila¬ 
tion hypothesis would only be an embar¬ 
rassment. 

Both hypotheses were originally theo¬ 
retical suggestions; but the transmuta¬ 
tion hypothesis can now claim a definite 
observational basis. Take the sun, which 
we have found to be i hydrogen and f 
not-hydrogen. At 15 million degrees the 
hydrogen is ionized and its nuclei— i.e., 
the protons—are traveling at average 
speeds of 500 miles a second. We know 
that in the laboratory protons of this 
speed attack and enter the nuclei of 


other elements—the not-hydrogen—and 
bring about transmutations in them. 
We may hope that in due time the phy¬ 
sicists will be able to trace for us the 
whole sequence of changes direct and 
indirect which result, so that we shall be 
able to find quantitatively the rate of 
disappearance of free hydrogen under 
these conditions, and so find the amount 
of sub-atomic energy of this kind liber¬ 
ated in the sun, If it is found to agree 
with the sun’s rate of radiation, we 
shall then have definite proof that no 
other source—such as annihilation—is 
operative. We are, of course, far from 
having the necessary knowledge at pres¬ 
ent. It is complicated by the fact that, 
although the protons enter atomic nuclei 
and change the nuclei into new elements, 
in many cases the new nucleus breaks 
down after a short time, a proton is 
shot out and no permanent transmuta¬ 
tion results. Such permanent transmu¬ 
tation as is observed comes at the end 
of a chain of processes of which the 
attack of the proton on the nucleus was 
the first. It is inleresting to notice that 
this was already foretold by the astro¬ 
nomical investigations which, as I have 
said, demand a time-lag between a stimu¬ 
lation of the activity of the protons by 
rise of temperature and the correspond¬ 
ing increase of output of sub-atomic 
energy. 

I have given you my impression of the 
way in which this new knowledge works 
in with, and so far as we can see, agrees 
with the existing theory of stellar con¬ 
stitution ; not because I lay stress on the 
rough conclusions that can be drawn in 
the turmoil of new discovery—the data 
available at present are far too scrappy— 
but because I want to show how intensely 
important the work of atom-splitting now 
in progress is for astronomical develop¬ 
ments—so that we may look forward to 
great developments in the future. 
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Cosmic rays were christened 1 in 1925 
when convincing evidence had been 
found that they could not have their 
origin either in the nearer or the re¬ 
moter portions of our atmosphere, nor 
yet in the sun or visible stars, but rather 
came from remoter regions and were 
distributed essentially uniformly over 
the celestial dome. At that time it was 
natural, if not inevitable, that one at¬ 
tempted to compute their energy from 
the enormous penetrating power which 
they were then found to have in snow- 
fed lakes. For this computation it was 
also natural, if not inevitable, that one 
use the known laws of absorption of 
x- and gamma-rays, which laws were 
based upon the principles of extra- 
nuclear electronic absorption. It was 
only when in 1930 Chao 2 first brought 
clearly to light that with energies above 
two million electron-volts the nucleus 
begins to play not an insignificant but 
a very important role in absorption phe¬ 
nomena, that one realized the complete 
inadequacy of laws like that known as 
the Klein-Nishina law, for handling the 
absorption of high energy rays. One 
was clearly forced to make direct energy 
measurements by the cloud-chamber tech¬ 
nique before he could hope to obtain any 
real knowledge of cosmic-ray energies. 
This need was first met in 1931 when 
Anderson, Millikan and Neddermeyer by 
such directly observed 8 deflectibilities in 

1 Proc. Nat . Acad. Soi., 12: 48-55, 1926. 

2 Chao, Proc. Nat. Acad . Soi. t 16: 431, 1930; 
Phys. Rev., 36: 1519, 1930. 

* See 1 * Electrons (+ and -), Protons, Photons, 
Neutrons, and Cosmic Rays,” pp. 321-330, for 
history of these measurements. University of 
Chicago Press, 1935. 


a magnetic field pushed the definitely 
measured energies of cosmic rays up to 6 
billion electron-volts and found a few 
particles of energies which were esti¬ 
mated to be not less than 15 billion elec¬ 
tron-volts. These measurements showed 
that Millikan’s earlier assumption that 
the whole of the cosmic ray energies 
might be accounted for by packing frac¬ 
tions was definitely incorrect. Neverthe¬ 
less, experiments of this unambiguous 
kind have failed to clear up our still 
profound ignorance of the laws of 
nuclear absorption either for electrons 
or for photons. More experimental data 
are needed, a few bits of which have been 
recently supplied and are presented here¬ 
with. 

In the low energy region—from 2 mil¬ 
lion up to 15 million electron-volts—the 
theory developed first by Oppenheimer 
and elaborated by Bethe and Heitler—a 
theory which simply adds to Klein- 
Nishina ’s extra-nuclear absorption a 
potent nuclear absorption due to the 
conversion of photons into electron-pairs 
by impact with a nucleus—this theory 
predicted quite well the experimental 
results found by Lauritsen and others on 
the absorption of photons varying in 
energy between the aforementioned lim¬ 
its in substances of different atomic num¬ 
ber. The theory requires that the ab¬ 
sorption in a given layer of matter be 
proportional to the energy of the inci¬ 
dent photons and also requires it to vary 
as the square of the atomic number. 
Here, then, there seemed to be a real suc¬ 
cess and a promise that we had an ap¬ 
proach' to the laws of nuclear absorption 
for cosmic rays, for these same two laws 
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apply also, according to the analysis of 
the foregoing authors, to the absorption 
of high energy rays consisting either of 
photons or of electrons. The first new 
result that I wish to comment upon looks 
like a still further extension of the Op- 
penheimer-Bethe-Heitler law of nuclear 
absorption into that cosmic-ray field. 

Anderson and Neddermeyer last sum¬ 
mer took 10,000 cloud chamber photo¬ 
graphs on the summit of Pike’s Peak, 
using our powerful magnet, built in 1931 
expressly for measuring the energies of 
cosmic rays They have made laborious 
statistical studies of these photographs, 
and of a larger number taken at Pasa¬ 
dena, for the sake of directly measuring 
the loss of energy of electrons of various 
energies in traversing a plate of lead or 
of copper a few mm thick placed in the 
middle of the cloud chamber. These 
losses seem to check fairly well with the 
Oppenheimer-Bethe-Heitler theory in be¬ 
ing roughly proportional to the energy 
of the incident electron up to 300 million 
electron-volts. They seem also to be pro¬ 
portional to the square of the atomic 
number. It was infeasible, however, to 
carry the measurements above the fore¬ 
going voltage. These experiments, again, 
seem to reveal the beginning of a real 
understanding of the nuclear absorption 
of cosmic rays. 

But there are some well-established 
facts that speak against this theory, or 
that show that at least it is very incom¬ 
plete. Here they are: 

(1) Neher and Millikan have taken up 
in bombing planes, at March Field near 
Pasadena to altitudes of more than 20,- 
000 feet, electroscopes shielded by as 
much as 15 cm of lead, and in other 
cases 15 cm of iron, and in still others 
15 cm of aluminum. The absorption law 
followed by these shields approaches 
with increasing thickness a first power 
law of atomic number rather than a 
second power law. Similar experiments 
have been made at lower altitudes by 


Steinke and others in Germany with 
similar results. 

(2) A second difficulty is that the 
total penetrating power of an electron 
of several billion electron-volts of energy 
is given by the above theory as less than 
three centimeters of lead, but m fact 
there is the best of evidence, both from 
electroscope readings and from counter 
experiments, that ionizing cosmic ray 
particles pass in straight lines through 
twenty or fifty or in extreme cases even 
a hundred cm of lead. 

To save the theory, and yet avoid these 
difficulties it has been commonly as¬ 
sumed by some that these long-range 
particle tracks are not electron tracks at 
all, but are rather the tracks of heavy 
particles. For heavy particles, such as 
alpha rays or proton rays, are not known 
to produce x-rays or gamma-rays in tar¬ 
gets into which they plunge, while both 
electrons and photons are well known to 
produce such secondary photons, elec¬ 
trons producing them ( bremsstrahlung ) 
with increasing copiousness and increas¬ 
ing efficiency as their energy increases. 
It is argued, therefore, that all the high 
penetration shown by cosmic rays may 
be attributed to heavy particles and that 
both such electronic and such photonic 
components of the cosmic rays as enter 
our atmosphere may indeed be absorbed 
in its very topmost layers, but that pene¬ 
trating heavy particles in their nuclear 
collisions may produce electrons and that 
these electrons may then in their turn 
produce photons which quickly are 
changed into electron-pairs; so that all 
electrons and photons, however formed, 
may indeed be exceedingly rapidly ab¬ 
sorbed as required by the electron-pair 
theory, while the heavy particles, though 
not themselves producing radiative col¬ 
lisions, may yet serve the purpose of 
carrying the cosmic-ray energy into the 
lower atmosphere and deep down into 
the great depths in water where it is 
actually found. 
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To discuss this theory it will be con¬ 
venient to divide heavy particles into 
two groups—(1) protons and (2) all 
heavier nuclei. The latter category may 
be eliminated at once, for all nuclei ex¬ 
cept hydrogen are multiply charged, and 
since the ionization along a track is pro¬ 
portional to the square of the charge 
carried by the ionizing particle, fhe dif¬ 
ference between a singly and a multiply 
charged particle-track could be at once 
observed in cloud-chamber experiments 
by the very great difference in the den¬ 
sity of the tracks. But Anderson and 
Neddermeyer have studied more than 
50,000 tracks and have observed an in¬ 
significant number that could possibly be 
produced by multiply charged particles 
coming in from outside, and the two or 
three that “might conceivably’’ have 
such an origin are adequately accounted 
for by their following recent discovery 
on Pike’s Peak and at Pasadena. 

This discovery is that there is a new 
kind of nuclear absorption that appears 
to bear no relation to the production of 
electron-pairs, an absorption in which 
the nucleus is definitely disintegrated 
with the ejection of a heavy ionizing 
particle, usually a proton, in addition to 
a number of either positive or negative 
electrons. These heavy tracks due to 
ejected protons reveal an energy which 
may rise to a hundred million volts, but 
unlike electron-shower tracks, which tend 
to move straight on in the direction of 
the incident ray, these proton tracks 
shoot backward about as often as for¬ 
ward, and in general are distributed at 
random about the center at which lies 
the disintegrating atom. Out of 10,000 
track photographs taken on Pike’s Peak 
about 100 such proton tracks, arising in 
most cases visibly and quite unambigu¬ 
ously from this kind of nuclear disinte¬ 
gration, are found; so that the two or 
three isolated heavy-track particles that 
4 ‘might conceivably” have come in from 
outside are with much greater likelihood 


attributable to such nuclear disvntegra- 
tions. This discovery shows, then, that 
the pair theory can not describe com¬ 
pletely the observed facts of nuclear ab¬ 
sorption. There is as yet, then, no evi¬ 
dence at all for the penetration of heav¬ 
ily ionizing particles into our atmosphere 
so far as measurements up to the altitude 
of Pike’s Peak are concerned. 

But, also, measurements made by both 
Bowen, Millikan and Neher and by 
Regener up to very close to the top of the 
atmosphere fail to bring to light any evi¬ 
dence for an appreciable number of 
heavy ionizing particles. Bowen and 
Millikan pointed out as early as 1931* 
that when the pressure in an air electro¬ 
scope is raised from say one to thirty 
atmospheres the fact that the factor by 
which the ionization at one atmosphere 
must be multiplied to get the observed 
current at 30 atmospheres is the same, 
whether these currents are produced by 
gamma-rays or by cosmic rays, means 
that the particles that do the ionizing 
as they shoot along their tracks through 
the electroscope must on the average be 
the same in the two cases. But in the 
case of gamma-rays they are known to be 
only electrons (+ and -). Therefore, in 
the case of cosmic rays, within the limits 
of discrimination of this experiment, 
they must be substantially all electrons. 
This holds up to such very high altitudes 
as those at which we have tested the 
agreement of air-filled electroscopes and 
argon-filled electroscopes. Similarly, the 
identity of Regener’s depth-ionization 
curves, whether he uses an electroscope 
or a single ion counter as his detector, 
shows unmistakably, since the ion counter 
measures only u shots,” while the electro¬ 
scope measures ion-currents, that all the 
shots, whether they go through the elec¬ 
troscope or the counter, produce on the 
average the same number of ions per cm, 
otherwise* the points on the electroscope 

* Nature, 128: 583, 1931; also Phya. Jtev., 39: 
3D7, 1932. 
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curve would be consistently higher than 
the points on the ion-counter curve. A 
heavy particle would activate the ion 
counter just as would an electron, but 
it would make a bigger current in an 
electroscope. 

These three types of experimental re¬ 
sults then—(1) absence of heavy tracks, 
other than nuclear disintegration tracks 
in cloud-chambers, (2) identity of effects 
of gamma-rays and cosmic rays in pres¬ 
sure electroscopes filled with air, and (3) 
identity of electroscope altitude curves 
and single-counter altitude curves—con¬ 
stitute good evidence that heavily ion¬ 
izing particles do not come into the at¬ 
mosphere in appreciable numbers. 

These arguments do not, however, ap¬ 
ply to protons, since the ionizing track 
due to a proton and that due to an elec¬ 
tron should be indistinguishable for en¬ 
ergies higher than a billion electron- 
volts, so that whether protons come into 
the atmosphere or not must be deter¬ 
mined by other types of experiments. 
The recently finished “Precision World 
Survey of Sea-Level Cosmic-Ray Inten¬ 
sities,’ ’ by Millikan and Neher, 5 sup¬ 
plies, however, new and cogent evidence 
upon this point. This survey shows that 
from near the north magnetic pole (8° 
south of it) down to Pasadena (mag. 
lat. 41°) the sea-level intensity of cosmic 
rays does not vary by as much as 1 per 
cent. Its extraordinary constancy is best 
shown by the readings found on p 19, 
Physical Review , 50, 1935, representing 
five days of continuous readings night 
and day with two electroscopes in going 
from Victoria, B. C., to the latitude of 
Pasadena. A few miles south of Pasa¬ 
dena, however, it begins to decrease with 
extraordinary suddenness. This single 
sudden setting in at magnetic latitude 41° 
of the (i equatorial dip ” provides excel - 

• First published on December 13, 1985, in 
Carnegie Institution Reports No. 34; subse¬ 
quently in Phys . Bev<, 50: 15, 1936. 


lent evidence that incoming electrons (+ 
and ~), not protons nor indeed any other 
heavy particles , produce practically all 
the ionization at sea level that is due to 
incoming particles at all . This evidence 
is found in the fact that there is but one 
magnetic latitude, not two or three, at 
which in going southward from the north 
magnetic pole this sudden setting in of 
the “equatorial effect” takes place. Its 
sharp setting in in latitude 41° enables 
the resistance of the atmosphere to in¬ 
coming electrons to be fixed through the 
Epstein-LeMaitre-Vallarta analysis at 
about 6 billion electron-volts with a 
possible uncertainty of say 20 per cent. 
All the electrons of this energy that 
come into the earth at angles between 
0° and say 45° to the vertical are just 
here, as one travels southward, being pre¬ 
vented from getting through the block¬ 
ing effect of the earth’s magnetic field. 
Hence the sudden diminution in sea-level 
intensity Electrons of slightly lower 
energy must get through the magnetic 
field at a little higher latitude, but their 
effect is not felt at sea level because they 
have not enough energy to get through 
the resistance offered by the atmosphere . 
This is all that can cause the flatness of 
the curve above latitude 41°. 

Now, 6 billion volt protons are affected 
by the earth’s magnetic field practically 
in the same way as are 6 billion volt 
electrons. If, then, protons penetrated 
the atmosphere more easily than elec¬ 
trons, because they do not make the 
radiative collisions which electrons make 
and which are in fact responsible for 
about half of the 6 billion electron-volts,® 
there would be a “proton shelf” in the 
sea-level intensity in about magnetic 
latitude 54°. That there is no trace of 
such a shelf can only mean that there 

• I. 8. Bowen, B. A. Millikan and H. V. Neher, 
Phys. Bev. t 44: 246-252, 1933; also Interna¬ 
tional Conference on Nuclear Physics, London, 
1934. 
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are not enough protons coming in to 
affect the measured sea-level ionization. 
This means that so far as ionization 
measurements can determine, the whole 
ionization of the atmosphere that is 
due directly or indirectly to incoming 
charged particles is due to incoming 
electrons , not to incoming protons or 
other heavy nuclei 

We must find, then, other ways to 
circumvent the difficulties mentioned 
earlier. One other way is through the 
breakdown of the Oppenheimer-Bethe- 
Heitler law at high energies. That there 
must be such a breakdown follows from 
the following observations made by 
Bowen, Millikan and Neher in 1932. 7 

Their altitude-ionization curves taken 
in Peru (Mag. Lat. 3° 8), Panama 
(20° N), March Field (41° N) near 
Pasadena, Spokane (54° N), and The 
Pas (63° N) showed no differences at 
all up to 22,000 feet, between Spokane 
and The Pas, but a notable difference 
(12 per cent.) between Spokane and 
March Field. The blocking effect of the 
earth*s magnetic field begins in magnetic 
latitude 54° to cut out electrons of an 
energy of 2 4 billion electron-volts. The 
lack of any difference in cosmic-ray in¬ 
tensity between magnetic latitude 54° 
and magnetic latitude 63° and the nota¬ 
ble drop of 12 per cent, in intensity be¬ 
tween magnetic latitude 54° and mag¬ 
netic latitude 41°, obviously mean that 
electrons of energy 2.4 billion electron- 
volts show a definite range or penetra¬ 
ting power, just as do electrons of an 
energy of 6 billion electron-volts, and 
also that that range is less than half an 
atmosphere for 2.4 billion volt electrons, 
while it is a whole atmosphere for 6 bil¬ 
lion volt electrons . But this violates the 
Oppenheimer-Bethe-Heitler law, which 
requires the loss in energy of an electron 
going through any given thickness of 
matter to be proportional to the energy 

iPhys. Rev., 46: 641-652, 1934. 


of the incident electron, and this means, 
in turn, that the coefficient of absorption, 
which is here practically inversely pro¬ 
portional to penetrating power or range, 
is the same for 2.4 billion volt electrons 
as for 6 billion volt electrons, while the 
experiment says unambiguously that the 
range of 2 4 billion volt electrons is less 
than half that of 6 billion volt electrons. 

A similar failure of the Oppenheimer- 
Bethe-Heitler law seems to be indicated 
by the very recent stratosphere flights of 
Neher, Millikan and Haynes, who, on 
July 6, 7 and 8, sent up recording elec¬ 
troscopes to the highest altitude ever 
reached in cosmic-ray work. The ac¬ 
curacy of their readings, too, is far 
greater than that ever attained in sound¬ 
ing balloon work. In all preceding tests 
of this kind the observer lias been obliged 
to get all his readings from one single 
discharge of his electroscope, although 
the rate of discharge at the top of the 
flight was as much as 200 times that at 
the start at sea level. These new Neher 
electroscopes were here automatically 
charged up anew every four minutes 
during a flight-period of 3^ hours from 
a light condenser which, after two years 
of development by Dr. Victor Neher 
and Dr. Sherwood Haynes, was so per¬ 
fected that it lost less than i per cent, 
of its charge per hour—a really notable 
feat. This success made the accuracy 
just as good as that which we have ever 
obtained with heavy Neher instruments 
sent up in airplanes and charged every 
four minutes from 300-volt batteries— 
an accuracy from 30 to 50 times that 
obtained from electroscopes which make 
but one discharge in 3J hours. The film 
shows that the photographic record of 
each discharge-rate is remarkably sharp 
and legible, also that the line which 
gives the barometric reading is very ac¬ 
curately readable. It was calibrated in 
the laboratory’s vacuum chamber under 
essentially the conditions of the flight. 
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This line shows that at the highest alti¬ 
tude reached the pressure was but 12.9 
mm of mercury or 17.5 cm of water, 
which is 98 3 per cent, of the way to the 
top of the atmosphere The electroscope 
record is also a perfect one at this ex¬ 
treme altitude This pressure, according 
to Humphrey V tables, corresponds in 
summer to an altitude of more than 28 
km or 92,000 feet. The ionization-pres¬ 
sure curve plotted from these readings 
is particularly interesting because it is 
the first record which shows the ioniza¬ 
tion of the upper air, as measured by an 
electroscope, reaching a very definite 
maximum value, in this case at 60 cm 
of water, or 4 4 cm of mercury, and then 
returning rapidly to lower values as still 
higher altitudes are reached. In this 
case the ionization at the highest altitude 
reached, where the barometer read 1 29 
cm of Hg. is 22 per cent, lower than when 
the pressure was reading 4 40 cm of Hg 
Also, if this curve is compared with 
Regencies, which reached nearly the 

s Humphrey, ‘ 1 Physics of the Atmosphere, * ’ 
last edition, 1929. 


same altitude but was taken in magnetic 
latitude 50° instead of 38.5°, it will be 
seen that the lower energy electrons 
which can get through the earth’s mag¬ 
netic field at this higher latitude and 
which alone can make the difference be¬ 
tween Regener’s curve and ours, if they 
are both experimentally correct, do not 
penetrate nearly as far into the atmos¬ 
phere before beginning to show that they 
have come into equilibrium with their 
secondaries, thus giving evidence again 
of the breakdown of the Oppenheimer- 
Bethe-Heitler absorption law. All this 
high altitude flight work, whether taken 
at extreme or at intermediate altitudes, 
seems to be in agreement with the “Pre¬ 
cision Sea-Level Survey” in showing the 
absence of appreciable numbers of in¬ 
coming protons and the breakdown at 
high energies of the nuclear absorption 
law based on the theory of pair-forma¬ 
tion. We hope for further light on 
nuclear absorption phenomena from 
measurements like those just described 
now being made by Dr. Neher in the 
equatorial belt, near Madras, Tndia. 
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At a tercentenary celebration we shall 
do well to look both to the past and to 
the future In undertaking to*address 
a mathematical audience, at the present 
time, on the subject of “ Uncertain Infer¬ 
ence' ’ my chief care will naturally be to 
set forth, at least in outline, those very 
recent advances which have resolved 
effectively and conclusively the doubts, 
confusions and ambiguities which we 
can now see clouded the views and ar¬ 
rested the progress of those great prede¬ 
cessors to whom our subject owes its 
gradual development. But just as, be¬ 
hind the Harvard of to-day, the fully 
developed alma mater where future gen¬ 
erations of Americans will train their 
minds and form their characters, we per¬ 
ceive the struggling ministers' training 
college of the seventeenth century, with¬ 
out which this other could not have been 
what it is; so we can only gain a just 
perspective of my present topic by recall¬ 
ing the steps, some hesitating, some even 
false, by which men have come gradually 
to understand how their reason may be 
applied to uncertainties, yet applied with 
logical rigor, and how, in particular, it 
may be applied to observational facts 
with all their limitations, their paucity 
in number and their imperfect precision, 
and yet draw from them precisely those 
inferences which the observations war¬ 
rant. 

The first great step was the develop¬ 
ment of the concept of mathematical 
probability. Much as this word has since 
been misapplied, to the writers of the 
seventeenth and eighteenth centuries its 
meaning was plain and unequivocal. For 
centuries, no doubt, expectations bad been 
deemed capable of evaluation. Expecta¬ 
tions under wills and expectations from 
uncompleted trading ventures had been 


bought and sold. In games of chance 
such expectations seemed capable of 
rigorous calculation. The structure of 
the game and its condition when broken 
off made it possible to assign to each 
player a calculable fraction of the 
amount at stake. This fraction, the 
ratio of the expectation to the prize 
which might be won, supplied the con¬ 
cept of probability. To Thomas Bayes, 
indeed, this was its definition. 

The idea of probability seems to have 
been an essentially new one in mathe¬ 
matical thought. So far as we know it 
was unknown to the Greek and to the 
Islamic mathematicians. It was sui 
generis rather like the notion of temper¬ 
ature in physics, and it was novel partic¬ 
ularly in this, that it brought uncertain 
consequences within the domain of exact 
or rigorous thought. If the apparatus 
used in gambling were true or unbiased 
and were fairly used, the probabilities 
of the game could be calculated with 
exactitude. From this point in time 
there was no excuse for mathematicians 
to confuse rigor with certainty. In the 
discussions on probability the uncer¬ 
tainty remained an integral part of the 
situation, but the concept of probability 
allowed the nature and extent of this 
uncertainty to be specified with rigor. 

The possibilities of this situation were, 
of course, only slowly appreciated. Not 
till in our own days has it been realized 
that the fact that some uncertain infer¬ 
ences are rigorously expressible in terms 
of probability does not imply that the 
same concept is capable of providing an 
exact specification of the nature of un- 
certainty % in all cases. We are now, 
indeed, familiar with logical situations 
of a different type which require to be 
specified in terms of mathematical likeli- 
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hood; and there is, as yet, no assurance 
that even probability and likelihood to¬ 
gether will suffice for the specification of 
every kind of logical uncertainty which 
may be profitably discussed. 

For centuries, however, it was assumed 
that if uncertain inferences were to be 
made they must be made in terms of 
mathematical probability. It was, I be¬ 
lieve, this assumption, more than any 
other factor which has led to efforts to 
define probability in more general, and 
usually in psychological, terms, and has 
introduced infinite confusion into the use 
of this once well-defined concept. 

Thomas Bayes’s paper 1 of 1763 was 
the first attempt known to us to ration¬ 
alize the process of inductive reason¬ 
ing. From time immemorial, of course, 
men had reasoned inductively; some¬ 
times, no doubt, well, and sometimes 
badly, but the uncertainty of all such 
inferences from the particular to the 
general had seemed to cast a logical 
doubt on the whole process. By the 
middle of the eighteenth century, how¬ 
ever, experimental science had taken its 
first strides, and all the learned world 
were conscious of the effort to enlarge 
knowledge by experiment or by carefully 
planned observation. To such an age the 
limitations of a purely deductive logic 
were intolerable. Yet it seemed that 
mathematicians would admit the cogency 
of deductive reasoning only. From an 
exact hypothesis, well defined in every 
detail, they were prepared to reason with 
precision as to its various particular con¬ 
sequences. But, faced with a finite, 
though representative, sample of obser¬ 
vations, they could make no rigorous 
statements about the population from 
which the sample had been drawn. 

Bayes perceived the fundamental im¬ 
portance of this problem and framed an 
axiom, which, if its truth were granted, 
would suffice to bring this large class of 

* Thomaa Bayes, u An Essay towards Solving 
a Problem in the Doctrine of Chances/ ’ Phil. 
Trans. 53: 370, 1763. 


inductive inferences within the domain 
of the theory of probability; so that, 
after a sample had been observed, state¬ 
ments about the population could be 
made, uncertain inferences, indeed, but 
having the well-defined type of uncer¬ 
tainty characteristic of statements of 
probability. Bayes’s technique in this 
feat is ingenious. His predecessors had 
supplied adequate methods, given a well- 
defined population, for stating the proba¬ 
bility that any particular type of sample 
might result. His problem was, given a 
particular kind of sample, to state with 
what probability a particular type of 
population might have given rise to it. 
He imagines, in effect, that the possible 
types of population have themselves 
been drawn, as samples, from a super¬ 
population, and his axiom defines this 
super-population with exactitude. The 
problem thus becomes a purely deductive 
one to which familiar methods were 
applicable. 

There is one point for which Bayes is 
seldom given enough credit. He had 
doubts as to the necessary truth of his 
axiom. So serious were these doubts 
that he withheld his entire treatise from 
publication until they should be resolved. 
It appears that they never were resolved; 
for his paper was published by his 
friends after his death. 

That Bayes’s essay was designed to 
meet a real need is shown by the eager¬ 
ness and rapidity with which his work 
became the common property of Euro¬ 
pean mathematicians. Laplace/ in par¬ 
ticular, incorporated it into the founda¬ 
tions of his 4< Th6orie analytique des 
Probabilit&s, ” cruelly twisting the defi¬ 
nition of probability itself in order to 
accommodate the doubtful axiom It is 
certain that Laplace had no appreciation 
of Bayes’s scientific caution. He says of 
Bayes, “Et il y est parvenu d’une 

2 Laplace, f ( Th6orie analytique des Proba¬ 
bility, 9 * 3rd Edition, Introduction cxlviii, 
1820. 



404 


THE SCIENTIFIC MONTHLY 


maniere fine et tres ing6nieuse, quoi 
qu’un peu embarrassfe ” 

Substantial errors are so rare in the 
history of mathematics that mathema¬ 
ticians are remarkably unsuspicious of 
the work of their greater predecessors 
The illustrious authority of Laplace thus 
explains in some sort why Bayes’s 
doctrine in its new dress was embodied 
without a query into the mathematical 
teaching of full two generations. To 
practical thinkers it seemed to meet a 
practical need To mathematicians it 
appeared robed in the authority and in 
the analytic elegance of Laplace’s 
“Thoorie ” To De Morgan in 1835 it 
was still unquestioned gospel and one of 
the great steps forward in the history 
of his subject 

The first serious criticism was de¬ 
veloped by Boole 3 in his 4 ‘ Laws of 
Thought” in 1854 In that extraordi¬ 
nary work Boole anticipated many subse¬ 
quent attempts to develop a symbolical 
logic, with particular reference to prob¬ 
lems in probability He recognizes the 
contradictions and inherent arbitrariness 
of Bayes’s axiom, as developed by 
Laplace, and quite properly treats it as 
an attempt to supply by hypothesis 
something which the data themselves 
Jack 

These results only illustrate the fact, 
that when the defect of data is supplied 
by hypothesis, the solution will, in gen¬ 
eral, vary with the nature of the hypoth¬ 
eses assumed: so that the question still 
remains, only more definite in form, 
whether the principles of the theory of 
probabilities served to guide us in the 
election of such hypotheses. I have 
already expressed my conviction that 
they do not.” . . . Bayes gives fur¬ 
ther reasons and adds: 4 ‘Still, it is with 
diffidence that I express my dissent on 
these points from mathematicians gen¬ 
erally, and more especially from one 
who, of English writers, has most fully 

8 Boole, “Laws of Thought/’ p. 375, 1854. 


entered into the spirit and the methods 
of Laplace; and I venture to hope that 
a question, second to none other in the 
theory of probabilities in importance, 
will receive the careful attention which 
it deserves ’ ’ 

Boole’s criticism worked its effect only 
slowly In the latter half of the nine¬ 
teenth century the theory of inverse 
probability was rejected more decisively 
by Venn and by Chrystal, but so reten¬ 
tive is the tradition of mathematical 
teaching that 1 may myself say that I 
learned it at school as an integral part 
of the subject, and for many years saw 
no reason to question its validity 
Mathematicians were averse from aban¬ 
doning a theory, which often led to 
plausible conclusions, and, above all, 
which they had nothing to replace Its 
acceptance as orthodox effectively con¬ 
cealed from the majority the fact that, 
not a mere restatement in more accurate 
terms, but a fundamentally new ap¬ 
proach, was required. As late as 1908 
we find Edgeworth, 4 vague but definitely 
defensive: “I submit that very generally 
we are justified in assuming an equal 
distribution of a priori probabilities 
over that tract of the measurable with 
which we are here concerned. ’ ’ 

Why should a mathematician defend a 
procedure for which he can say no more 
than that ? And why should Karl Pear¬ 
son, a few years later, put forward what 
he, and he alone, regarded as a proof of 
the disputed axiom. Such stubborn un¬ 
willingness to abandon a false position, 
to admit ignorance and to start again 
can only be due to mathematicians hav¬ 
ing so seldom experience of situations 
requiring an orderly retreat. 

The need for an exact procedure of 
inductive inference was essentially a 
practical one, and the means for meeting 
it were being prepared by mathema¬ 
ticians having practical interests beyond 

* F. Y. Edgeworth, Journal of the Boyal Sta- 
tUtical Society, 71: 387, 1908. 
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those discussed by specialists in the 
academic theory of probability. Let us 
turn to Gauss and the foundations of the 
theory of estimation. As is well known, 
Gauss, at one time, developed his method 
of least squares by a formulation identi¬ 
cal with that now used in the method of 
maximum likelihood, but which he justi¬ 
fied as taking for the estimate the value 
of the unknown which had the highest 
probability. That would be, of course, 
the mode of its frequency distribution, if 
any such distribution could be assigned 
to it. Later, as he explained in a letter 
to Bessel, he let this argument fall into 
the background, through the conviction 
that maximizing the probability was less 
important than minimizing the injurious 
effects of the actual errors of estimation. 
To measure these injurious effects by the 
square of the error he regarded as 
arbitrary, though convenient. 

Modern research has reconciled the 
two aims discussed by Gauss. If for any 
frequency distribution of a variable x 

df “ y(x)dx 

where the frequency density y depends 
on some unknown parameter 0, the 
quantity 



over all possible values of x, is invariant 
for transformations of x, and measures 
the amount of information which one 
observation x contains respecting 0. If x 
is itself an estimate of 0 derived from a 
sample, the expression measures the 
intrinsic accuracy of an estimate having 
the sampling distribution given. For 
the particular and important case of the 
normal or Gaussian distribution the 
intrinsic accuracy is the invariance or 
the reciprocal of the mean square error 
Error curves of forms other than the 
Gaussian can thus be compared in their 
precision. When this is done it appears 
that the estimate obtained by maximiz¬ 
ing the likelihood is in general the one 


for which the intrinsic accuracy is 
greatest. 

A knowledge of the likelihood func¬ 
tion thus takes the place of knowledge 
of a probability distribution in that type 
of uncertain inference with which the 
theory of estimation is concerned This 
logical situation is one of wide occur¬ 
rence in the discussion of scientific 
theories of all kinds It presupposes a 
hypothesis containing one or more ar¬ 
bitrary parameters. The hypothesis is 
capable of specifying the probability or 
frequency of occurrence, of each of the 
observational facts which can be dis¬ 
tinguished The probabilities of the ob¬ 
servable occurrences are then functions 
of the parameters, and functions of 
known mathematical form. Only the 
values of the parameters are unknown. 
The theory of estimation discusses the 
advantages of the different methods by 
which these values can be estimated from 
an observational record Clearly there 
can be no operation properly termed 
estimation until the parameter to be 
estimated has been well defined, and this 
requires that the mathematical form of 
the distribution shall be given. Never¬ 
theless, we need not close our eyes to the 
possibility that an even wider type of 
inductive argument may some day be 
developed, which shall discuss methods 
of assigning from the data the functional 
form of the population. At present it is 
only important to make clear that no 
such theory has been established. 

The direct assessment of the amount 
of information supplied by a body of 
data, the sample of observations, and by 
a parallel and independent process of 
the amount of information extracted 
from the data, and contained in the 
estimate, brings to light the important 
fact that in some special, but specially 
important cases, these amounts are equal. 
The estimate exhausts the whole value of 
the data once the estimate has been cal¬ 
culated,* the remaining facts which the 
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data provide are entirely irrelevant to 
the value of the unknown parameter. 
Their distributions are, in fact, inde¬ 
pendent of the value of this parameter, 
so that we have the enlightening situa¬ 
tion, of which the arithmetic mean of a 
normal sample, or of a sample from a 
Poisson series, are examples, in which, 
given the value of the first or sufficient 
estimate, the sampling distribution of 
any alternative estimate is independent 
of the quantity of which it is designed 
to indicate the value. All such alterna¬ 
tive estimates are therefore worthless. 
The existence of sufficient statistics, m 
the sense defined above, is not only of 
theoretical interest as a possibility, but 
of great practical importance, for the 
cases in which they exist cover many of 
the forms most used by statisticians in 
practice. 

Theoretically, however, the existence 
of sufficient statistics is exceptional, 
dependent as it is from a special func¬ 
tional relationship. When no sufficient 
statistic exists then no single estimate 
can contain the whole of the information 
supplied by the sample. There appears 
to be an inevitable loss, and in these 
cases the method of maximum likelihood 
is only preeminent in making this loss as 
small as is possible. The next task of 
the theory is to trace the cause of this 
loss and to discover in what way it may 
be made good. 

Before turning to this fascinating 
inquiry, we must recall another develop¬ 
ment of modern mathematical statistics, 
in which again the practical require¬ 
ments of research have moulded the 
mathematical structure. I refer to the 
establishment of exact tests of signifi¬ 
cance. These are now somewhat numer¬ 
ous and of many kinds, designed to 
cover the various cases which commonly 
arise in practice. They are all of quite 
recent origin, and I may take as typical 
the test of significance of the mean of a 
normal sample. This was published in 
1908, which year, you may notice, is the 


same from which I have quoted Edge- 
worth^ defence of inverse probability. 
Its author was a young man, then 
unknown, who chose to publish under 
the now celebrated pseudonym of 
“ Student ” 

The classical procedure, dating at least 
from the time of Gauss, for testing the 
significance of the difference between the 
observed mean of a normal sample and 
zero, or any other value chosen for com¬ 
parison, is to divide the difference by its 
standards error, as estimated from the 
sample. If x is the observed mean of n 
observations, and p the true mean of 
the population from which the sample 
was drawn, then it has long been known 
that ~x is distributed in different samples 
in a normal distribution, with its center 
at p and having a variance one 17th of 
that of the population sampled. If, 
therefore, we know the true standard 
deviation o of this population, we should 
know that 

(*-p) Vn 
a 

was distributed normally with unit vari¬ 
ance, and so could assign with exactitude 
the probability with which any chosen 
value would be exceeded. In fact, the 
true value is not known, but we have in 
its place an entirely satisfactory esti¬ 
mate, x s defined by 

‘ irkf 

where 8 stands for summation over the 
sample. This estimate is, in fact, a 
sufficient one, but it is none the less a 
fact that the value of s arrived at will 
usually differ more or less from the true 
value o. Consequently, if we substitute 
s for o, and calculate 

+ _ (*- n) Vp* 

S 

we are not justified in asserting that t 
will be distributed in the normal distri¬ 
bution. The originality of “Student’s” 
approach lay in inquiring how in fact 
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the ratio t is distributed, when cal¬ 
culated from samples of n observations. 
The exact solution is in fact given by 
the frequency element. 


a distribution very different in mathe¬ 
matical character from the Gaussian, 
though progressively approaching this 
form as n is indefinitely increased. The 
distribution is, however, exact and 
capable of tabulation for each size of 
sample possible. It has, in fact, at vari¬ 
ous times been rather thoroughly tabu¬ 
lated. Consequently, in place of assert¬ 
ing that there is a probability of one 
chance in forty that 

(*-g) V° > i 
a 

an assertion which would only be 
directly useful if it were known with 
exactitude, it is equally open to us, if, 
for example, our mean were based on 
fifteen observations, to assert that 

+ _ (*-g) Vn 
8 

has a probability of one in forty of 
exceeding the value 2.145. This state¬ 
ment is directly useful, for .9 is not un¬ 
known, but is calculable with exactitude 
from the observations. 

Armed with this new tool, it was 
natural for practical experimenters to 
take a further logical step of great theo¬ 
retical importance, namely, to use the 
ratio, e.g ., 2.145, appropriate to the level 
of significance chosen, to multiply this 
by the standard error of the mean as 
estimated , to add or subtract the product 
to or from the observed mean, and so to 
obtain working limits for the values of 
the unknown mean of the population. 

In fact, since the distribution of t is 
known with exactitude, and since t is 
given by the formula 



which involves, apart from p, directly 
calculable quantities only, namely x and 
s, both of which are sufficient statistics, 
we may infer, without any use of proba¬ 
bilities a priori, a frequency distribution 
for fj which shall correspond with the 
aggregate of all such statements as that 
made above, to the effect that the proba¬ 
bility that p is less than x - 2.145 a/y/n 
is exactly one in forty. 

It is, at first sight, easy to confuse 
probability statements respecting un¬ 
known parameters derived by arguments 
similar to the above with statements of 
inverse probability. Indeed, attempts 
have been made to use these arguments 
by identifying the results to which they 
lead with statements of inverse proba¬ 
bility, as a means of ascertaining which 
particular hypothesis of probabilities a 
priori should be adopted in order to lead 
to equivalent conclusions. In fact, the 
statements with which we are concerned 
differ materially in logical content from 
inverse probability statements, and it is 
to distinguish them from these that we 
speak of the distribution derived as a 
fiducial frequency distribution, and of 
the working limits, at any required level 
of significance, that may be derived from 
it as the fiducial limits at this level. This 
distinctive terminology is not intended 
to suggest that fiducial probability is not 
in the strictest sense a mathematical 
probability, like any other to which the 
term ought to be applied, but that it has 
been derived by a form of argument 
very different from that introduced by 
Bayes, and one which was unknown to 
all the early writers on the theory of 
probability. 

It is a matter of some historical inter¬ 
est to examine why a mode of reasoning 
so essentially simple and so cogent as 
that outlined above should have escaped 
the penetration of the early writers, who 
include some of the most illustrious of 
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mathematicians. There are two circum¬ 
stances which may help to make clear 
this difficulty. The distributions studied 
by the early writers were nearly all dis¬ 
continuous distributions, distributions in 
particular, of which the variates are fre¬ 
quencies. When applied to these the 
fiducial type of argument does not lead 
us to an exact frequency distribution of 
the unknown parameters, but only to a 
series of inequalities which add little in 
intelligibility to the tests of significance 
from which they may be derived The 
neglect of the frequency distributions of 
continuous variates, until they were 
forced on the notice of mathematicians 
by the requirements of the quantitative 
sciences, is, I believe, one potent reason 
why early writers on probability were 
not led to use arguments of the fiducial 
type For such arguments to be fruit¬ 
ful, moreover, the distributions con¬ 
sidered must be not only continuous, but 
mathematically exact Exact solutions 
of all the more important and immediate 
problems were possible by analytic 
methods certainly within the capacity of 
the greater writers of the last 150 years. 
That their existence remained for so long 
unknown can only, I believe, be ex¬ 
plained by the absence of any steady 
conviction that inferences involving an 
element of uncertainty deserve anything 
better than rough and approximate dis¬ 
cussion. 

Two subsidiary circumstances, also, 
have in our own time greatly facilitated 
the new approach. One is the con¬ 
venient practice of tabulating the dis¬ 
tributions required at a series of definite 
levels of significance, i.e., of expressing 
the variate in terms of the probability, 
in place of regarding the probability as 
a function of the variate The second 
circumstance is the abandonment of the 
inverse type of argument, since so long 
as statements of inverse probability were 
held to be the aim, the possibility of 
making inferences of fiducial proba¬ 
bility, which differs from the former in 


logical content, was very naturally over¬ 
looked. 

There is one peculiarity of uncertain 
inference which often presents a diffi¬ 
culty to mathematicians trained only in 
the technique of rigorous deductive argu¬ 
ment, namely, that our conclusions are 
arbitrary, and therefore invalid, unless 
all the data, exhaustively, are taken into 
account In rigorous deductive reason¬ 
ing we may make any selection from the 
data, and any certain conclusions which 
may be deduced from this selection will 
be valid, whatever additional data we 
may have at our disposal. The more 
philosophic writers on probability, how¬ 
ever, such as Venn, have emphasized the 
fact that conclusions in this field are 
relative, not only to what is known, but 
also to u T hat is undetermined Venn, for 
example, contrasts the conclusions to be 
drawn from such items of information 
as that the death-rate of Englishmen is 
higher in Madeira than in England, and 
that the death-rate of tuberculous pa¬ 
tients is higher m England than in 
Madeira The probable effect of a 
change of residence is difficult for the 
contrasted cases of a man chosen at ran¬ 
dom from the English population, as 
against one chosen at random from the 
tuberculous patients of that country. 
The additional datum that the individual 
chosen is tuberculous must not be 
ignored in drawing inferences from the 
remaining data. 

This peculiarity appears to be char¬ 
acteristic of uncertain inference in gen¬ 
eral. It is certainly as important in 
inductive reasoning from observational 
data as in the purely deductive infer¬ 
ences of the classical theory of proba¬ 
bility. Every statistician is conscious 
that if he were to allow himself to make 
an arbitrary selection among the obser¬ 
vational material available, then the 
most orthodox operations of his craft 
could be 'inade to lead to almost any 
desired conclusion. The political prin¬ 
ciple that “Anything can be proved by 
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statistics 0 thus enshrines a subtle truth, 
which requires to be the more carefully 
borne in mind, the more we rely on 
mathematical techniques developed with 
only certain inferences in view 

This consideration is vital to the 
fiducial type of argument, which pur¬ 
ports to infer exact statements of the 
probabilities that unknown hypothetical 
quantities, or that future observations, 
shall lie within assigned limits, on the 
basis of a body of observational experi¬ 
ence No such process could be justified 
unless the relevant information latent in 
this experience is exhaustively mobilized 
and incorporated in our inference 

We may now appreciate the necessity 
of the condition I mentioned, in connec¬ 
tion with “Student's” test of signifi¬ 
cance for the mean of a normal sample; 
namely, that the quantities x and s, 
which, together with the unknown para¬ 
meter appear in the expression for t , 
should be sufficient estimates of the 
mean and standard deviation of the 
population sampled For this is a guar¬ 
antee that they have together tapped 
all the information the sample has to 
give respecting the nature of the popula¬ 
tion If alternative estimates had been 
used; if, for example, we had found the 
median in place of the arithmetic mean, 
or, if we had used Peter’s formula, based 
on the mean deviation, in place of 
Bessel’s formula, based on the mean 
square, we might have derived an en¬ 
tirely valid test of significance; that is 
to say, we could have found a quantity, 
t', with a distribution exactly known for 
samples of a given size, and expressible, 
like t, in terms of the unknown param¬ 
eter, together with directly calculable 
quantities only. But, if we had gone 
further, and, substituting for t', in terms 
of p, had derived a fiducial distribution 
of the unknown parameter, the distribu¬ 
tion we should obtain would be based 
only on that part of the information 
available which our special estimates of 


the mean and standard deviation had 
conserved. The distribution obtained 
would differ from that found by using 
the sufficient estimates, and the proba¬ 
bility statements which it embodies 
would be discrepant. Without the re¬ 
quirement that the information available 
should be exhausted, a host of discrepant 
inferences would appear equally admis¬ 
sible, each dependent from the particular 
choice of the statistician, through his 
choice of the method of estimation to be 
employed 

When sufficient estimation is possible, 
there is here no problem, but the ex¬ 
haustive treatment of the cases in which 
no sufficient estimate exists is now seen 
to be an urgent requirement. This is at 
present in the interesting stage of being 
possible sometimes, though, so far as we 
know, not always I have spoken of the 
sufficient estimates as containing in 
themselves the whole of the information 
provided by the data. This is not 
strictly accurate There is always one 
piece of ancillary information which we 
require, m addition to even a sufficient 
estimate, before this can be utilized. 
That piece of information is the size of 
the sample, or, in general, the extent of 
the observational record; and we always 
need to know this in order to know how 
reliable our estimate is. Instead of tak¬ 
ing the size of the sample for granted, 
and saying that the peculiarity of the 
cases where sufficient estimation is pos¬ 
sible lies in the fact that the estimate 
then contains all the further information 
required, we might equally well have 
inverted our statement; and, taking the 
estimate of maximum likelihood for 
granted, have said that the peculiarity 
of these cases was that, in addition, 
nothing more than the size of the sample 
was needed for its complete interpreta¬ 
tion. This reversed aspect of the prob¬ 
lem is the more fruitful of the two, once 
we have satisfied ourselves that, when 
information is lost, this loss is minimized 
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by using the estimate of maximum likeli¬ 
hood, The cases in which sufficient esti¬ 
mation is impossible are those in which, 
in utilizing this estimate, other ancillary 
information is required from the sample, 
beyond the mere number of observations 
which compose it. The function which 
this ancillary information is required to 
perform is to distinguish, among samples 
of the same size, those from which more 
or less accurate estimates can be made, 
or, in general, estimates having different 
frequency distributions. 

The most general procedure of this 
kind possible would be, from a sample 
of n observations, to specify (a) the 
estimate, or set of estimates of the un¬ 
known parameters, having the greatest 
possible likelihood; and (b) a set of 
functionally independent ancillary sta¬ 
tistics, sufficient in conjunction with (a) 
to allow the observations to be recon¬ 
structed in their entirety, and having 
the additional property that these ancil¬ 
lary quantities shall be all distributed in 
samples in distributions independent of 
the unknown parameters. It is easy to 
see that this can be done in certain 
simple eases. For example if p is the 
only unknown parameter in a frequency 
distribution specified by the differential 
element df = $(x- p)dx, then the differ¬ 
ence between successive observations, 
when arranged in order of magnitude, 
supply n-1 functionally independent 
quantities, calculable from the sample, 
the sampling distribution of each of 
which is evidently independent of p. We 


may, therefore, regard such a set of 
differences as specifying the configura¬ 
tion of the sample, and, in interpreting 
our estimate, may take as its sampling 
distribution that appropriate to only 
those samples which have the actual con¬ 
figuration observed. 

Here, then, is a second group of solu¬ 
tions, by which estimation may be made 
exhaustive, like the sufficient statistics 
in depending from a special functional 
relationship, like them, also, in resolving 
a wide class of the problems arising in 
practice. And my final word on this 
topic is a query, the answer to which so 
far is unknown, and which is, therefore, 
at present a challenge to our mathe¬ 
matical intuition. May I put the prob¬ 
lem in this form: 

The agricultural land of a pre-dynastic Egyp¬ 
tian village is of unequal fertility. Given the 
height to which the Nile will rise, the fertility 
of every portion of it is known with exactitude, 
but the height of the flood affects different parts 
of the territory unequally. It is required to 
divide the area, between the several households 
of the village, so that the yields of the lots 
assigned to each shall be in predetermined pro¬ 
portions; whatever may be the height to which 
the river rises. 

If this problem is capable of a general 
solution, then it is possible in general to 
recognize something corresponding with 
the configuration of the sample in the 
simple case discussed above, and one of 
the primary problems of uncertain in¬ 
ference will have reached its complete 
solution. If not, there must remain some 
further puzzles to unravel. 
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All who are familiar with the proved 
facts of endocrinology will, I think, un¬ 
hesitatingly agree that the hormones, 
those chemical messengers produced by 
that specialized group of tissues known 
as the ductless glands or glands of inter¬ 
nal secretion, play an essential role in 
the maintenance of normal bodily func¬ 
tions, both physical and mental, in the 
human individual. Hoskins 1 has said: 
1 ‘The evidence is now conclusive that 
what we are—physically, mentally, sex¬ 
ually and emotionally—depends in no 
small measure upon the functions of the 
endocrine glands. They cooperate in an 
important way in the regulation of our 
activities in health and modify the 
course when they do not primarily deter¬ 
mine our diseases/ ’ I think that the 
significance of the internal secretions in 
relation to human behavior can be 
realized best if they are considered from 
the standpoint of their biological value 
Any living animal organism, whether it 
be man, at the top of the evolutionary 
scale, or the jelly-fish, near the bottom, 
or any other of the various living things 
which are intermediary between these 
two, must be considered from the bio¬ 
chemical view-point as a machine. From 
time immemorial, from the dawn of life 
on the globe, environmental factors, to¬ 
gether with the inherent properties of 
protoplasm, have contributed to a con* 
stant change in the types of living things. 
All these have been more or less efficient 
machines, and of those types which have 
survived it may be said that they were 
adapted to their environment. There 
are two basic types of mechanism which 
are possessed by members of the animal 

iB. G. Hoskins, “The Tides of Life.” W. 
W. Norton and Company, New York, 1933. 


kingdom, each of which plays a specific 
part in the regulation of the various 
functions and activities of the organism 
as a whole. These are the nervous sys¬ 
tem and the chain of endocrine glands. 
Professor Adrian has dealt already with 
the former. In the lower forms of 
animals, the great group invertebrata, 
the nervous system is probably preemi¬ 
nent ; in fact, very little is known of the 
hormones or their functions in the 
invertebrates. The situation, however, 
in the vertebrate kingdom is quite differ¬ 
ent. Here, from fish to mammal without 
exception, we find the ductless glands 
represented in all forms and integrating 
with the nervous system in the control 
of the animal machine of which they 
form a part. 

While there are vast differences be¬ 
tween animals of different phyla and 
smaller but important differences be¬ 
tween different species, there is as yet no 
reason to doubt, in so far as the hor¬ 
mones are concerned, that the active 
principle elaborated by a ductless gland 
in the fish does not differ materially 
from that elaborated by the same gland 
in man or other mammals. An excellent 
example of this is to be found m the 
case of insulin. An extract prepared 
from the principal islets of teleostian 
fishes or from the pancreas of the 
elasraobranch manifests the same phys¬ 
iological properties when tested upon a 
normal rabbit or a diabetic patient as 
does the insulin prepared from the pan¬ 
creatic glands of cattle, pigs or sheep. 
There may be quantitative differences 
relative to the effects of individual hor¬ 
mones of different animal origin, but 
qualitatively they give the same phys¬ 
iological effects in adequate test objects. 
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But though the hormone may be the 
same from fish to man, its function in 
fish and man may conceivably be differ¬ 
ent As Thomson 2 has pointed out in 
a discussion on the evolution of hor¬ 
mones, there are, on the one hand, cells 
which elaborate the specific chemical 
substance and, on the other, cells which 
respond to the presence of this substance 
once it is brought to them. There are 
examples of the apparently useless pres¬ 
ence m relatively primitive organisms 
of chemical substances which in higher 
groups have acquired a physiological 
function as hormones. It may be, of 
course, that the significance of such sub¬ 
stances as oestrin in insects, of adrenalin 
in annelids, of the oxytoxic posterior 
pituitary principle m fishes, is yet to be 
discovered, and that it may ultimately 
be established that all these have a true 
hormone function in every form in 
which they are found The point raised 
by Thomson of the lack of a complete 
parallelism in the phylogenetic develop¬ 
ment of hormones and in their functional 
manifestations is worthy of much fur¬ 
ther study 

A good example of the fact that the 
same hormone may act upon different 
types of tissue in different species is 
illustrated in the case of prolactin of 
Riddle. This anterior pituitary lobe 
principle stimulates the fully developed 
mammary gland of the guinea pig to 
milk secretion, and m the pigeon it 
causes the growth of a structure known 
as the crop gland, the development of 
which is essential for the production of 
crop milk. The underlying physiological 
effect is in each case the same, but the 
structures acted upon very different. 
These two analogous organs must have 
developed separately their responsive¬ 
ness to this anterior pituitary principle. 

When an endocrine linkage is evolved, 
it probably represents a delegation of 
authority formerly resident elsewhere. 

2 D. L. Thomson, Nature, 80: 543, 1032. 


As an example of this, sexual dimorph¬ 
ism of plumage in the sparrow is appar¬ 
ently controlled by the chromosomes of 
the individual epidermal cells, whereas 
in the fowl this control has been turned 
over to the presence or absence of the 
ovarian hormone. Again testicular hor¬ 
mone is essential for the growth of 
antlers in the red deer but not in closely 
related reindeer These examples may 
serve to show that the delegated author¬ 
ity may easily be reassumed with but a 
small change in the genetic constitution. 
Failure to realize this has led to some 
of the wildest and least plausible specu¬ 
lations ever associated with any branch 
of science. It seems, for example, noth¬ 
ing short of fantastic to argue that be¬ 
cause in white races destructive disease 
of the adrenal glands may tend to pig¬ 
mentation of the skin, therefore the black 
races display under-development of this 
gland—forgetting that this should also 
condemn them to extreme muscle debil¬ 
ity, infertility, etc, etc. It seems, too, 
that similar pitfalls must await all those 
who argue that because many of the 
sufferers from some particular endocrine 
disorder have a characteristic gait or 
complexion or expression, all those who 
at first glance resemble them are neces¬ 
sarily sufferers from the same funda¬ 
mental disorder. 

Apart from exceptions of the type in¬ 
dicated above, it is the general rule that 
the function subserved by any particular 
hormone is much the same in all the 
higher animals. I desire to emphasize 
this now especially because in any dis¬ 
cussion as to the relationship of hormones 
to human behavior it is very easy to 
overlook basic principles, and in so doing 
to be led astray. Many such discussions 
in which due regard has not been had 
for fundamental ideas have unfortu¬ 
nately found their way into print. I 
fear that such writings are more apt to 
hinder than to accelerate progress in the 
application of the known facts of endo- 
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crinology towards the solution of prob¬ 
lems on factors relating to human 
behavior 

1 should like now to direct my discus¬ 
sion from the animal kingdom in general 
to man in particular. It may be said of 
the individual man that his own peculiar 
character and physical make-up are the 
outcome of the phjdogeny of his species 
and are the resultant of the special forces 
to winch his progenitors have been sub¬ 
jected in the course of countless genera¬ 
tions. While man as a living machine 
differs in no essential manner from the 
higher animals, he has a brain the frontal 
lobes of which have been developed to an 
extent not seen m other forms, even in 
the anthropoid apes The evolution of 
modern man as a social being differing 
in so many respects from other species 
has of course been attributed to the spe¬ 
cialized development which has taken 
place m this particular part of the brain, 
lie is endowed not only with conscious¬ 
ness but with self-consciousness. En¬ 
tirely apart from the basic importance of 
this latter to psychology, it is of great 
significance from the biological aspect 
Man by virtue of his self-consciousness 
can think and in thinking can will, and 
in so doing he can modify in a most pro¬ 
found manner various bodily functions 
which are amenable to modification by 
nervous stimuli. In other words, the 
great development of the cerebral cortex 
in man has allowed of the opening up of 
new channels of nerve communications. 
The outgoing pathways from the central 
nervous system to the ductless glands are 
probably developed to much the same 
degree in the lower forms as they are 
in man; but in the latter, due to the 
further development of the brain, im¬ 
pulses can arise in higher centers which 
can motivate peripheral structures by 
way of the older pathways. As far as 
we know, practically all the tissues and 
organs of the body are in direct connec¬ 
tion with the central nervous system. 


The various ductless glands are no ex¬ 
ception to this rule, and while much yet 
remains to be done in connection with 
the nervous control of these structures, 
it is safe to assume that all the endocrine 
organs are directly or indirectly under 
nervous control. The extent to which, 
on the other hand, the nervous system 
itself is dependent upon or affected by 
individual endocrine gland secretions 
must be for the most part a matter of 
conjecture at this time In connection 
wuth these two great systems, the nervous 
and the endocrine, we must recognize an 
integrative action not only in regard to 
their effects upon other structures but in 
their effects upon one another So while 
it is true that man as a biological machine 
is similar to the animal, he has these two 
systems—the nervous and the endocrine 
—which may function on a higher level. 

The behavior of the individual man is 
in part the expression of his conscious, 
self-conscious and unconscious life. It 
becomes obvious, therefore, that the en¬ 
docrine glands, which, with the nervous 
system, have so much to do in the regu¬ 
lation of the various bodily functions, 
must in an indirect way influence pro¬ 
foundly his behavior. 

Let us consider the hypothetical case 
of the normal man with normal behavior. 
The endocrine system of such an indi¬ 
vidual may be considered simply as a 
part (a very essential and important 
part) of this human machine It func¬ 
tions continuously, now faster, now 
slower, in its various parts—all the while 
responding to stimuli both nervous and 
chemical, and liberating from its various 
components now more, now less of the 
individual internal secretions which play 
their role in the regulation of the various 
bodily functions. It may be said, be¬ 
cause each of the various hormones con¬ 
tributes a definite part to the mainte¬ 
nance of the normal state of the body of 
this hypothetical individual, that each 
therefore has a definite effect upon his 
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behavior. In dealing with a normal body 
and normal behavior, the relationship of 
hormones to the behavior pattern is not 
at once apparent, and the point of view 
just expressed might be thought by some 
to be unjustifiable. The evidence that 
certain types of abnormal behavior pat¬ 
terns are due to disturbances in the 
endocrine system is very convincing; 
also there are many examples of the 
behavior pattern being modified by too 
much or too little of some hormone. It 
would therefore seem logical to conclude 
that the normal behavior manifested by 
our hypothetical normal man is as much 
dependent upon hormones as certain 
alterations in the behavior pattern are 
dependent upon alterations in the hor¬ 
mone balance. 

There is a variety of well-established 
experimental as well as clinical results 
which demonstrate quite conclusively 
that the behavior of individuals may be 
altered owing to the presence of too little 
or too much of some hormone agent in 
the circulation. Such effects of hor¬ 
mones are usually indirect rather than 
direct. Some illustrations of this fol¬ 
low. 

Thyroid 

Thyroid disease is fairly common, and 
patients suffering from this type of dis¬ 
ability may show evidences of over- 
stimulation by the thyroid hormone or 
they may manifest the signs of thyroid 
hormone deficiency. All sorts and varie¬ 
ties of intermediate stages are of course 
met with clinically. The behavior pat¬ 
terns of the two types are diametrically 
opposed and each deviates far from nor¬ 
mal. Barker has described these two 
types of thyroid disease as follows. The 
hyperthyroid type, as seen in the case of 
exophthalmic goiter, is hypersensitive to 
mental stimuli, is irritable and restless. 
Patients suffering from this malady 
often exhibit characteristic anomalies; 
sometimes they suffer from pathological 


fears, obsessions or ideas of injury; occa¬ 
sionally they show marked excitement 
not unlike that seen in hypomanie states. 
In myxoedema, on the other hand, in 
which there is under-function of the 
thyroid gland, the patients present a 
strikingly different mental state and be¬ 
havior. The facial expression is apa¬ 
thetic and quiet; the patients seem 
drowsy and dull; their thoughts come 
slowly and their emotional reactions are 
sluggish Barker 8 emphasizes, however, 
that though there are profound changes 
in thinking, feeling and striving in thy¬ 
roid disease, it is relatively rare that out¬ 
spoken psychoses occur either with frank 
over-function or under-function of the 
thyroid. When they do appear, he 
states, these psychoses appear to have 
their origin in an associated psycho¬ 
pathic inheritance rather than in endo¬ 
crine anomalies alone. 

Parathyroid 

One of the chief functions of the para¬ 
thyroid glands is to regulate the level of 
calcium in the blood stream. The main¬ 
tenance of normal tone in muscle and 
nerve is among other things dependent 
upon ionic concentration of calcium and 
other inorganic elements. A lowering 
of the calcium ion concentration disturbs 
this balance, and a hyper-excitable state 
of the nervous system is the main effect 
of such a change. There is a hyper¬ 
excitability of the entire nervous system 
in hypoparathyroidism, of which the re¬ 
sulting manifestation may be tetany. 
The opposite condition, a profound loss 
of muscle tonus, is occasionally met with 
in chronic cases. I recall one case in 
particular (which I saw some years ago) 
in which this condition of atonia was the 
predominant symptom. This patient 
was for a time considered to be a mental 
case. He could be roused from a stupor¬ 
ous state only with difficulty and his 
speech was incoherent. When it was 
* L. F. Barker, Florida Med. Assoc., 1027, 1. 
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found that his blood serum calcium was 
only half the normal value, appropriate 
treatment was instituted and his rapid 
return to normal both mentally and 
physically was truly remarkable. 

Gonads 

Some of the most outstanding ex¬ 
amples of the effects of hormones on 
behavior are to be found in the field of 
sex physiology. Moreover, the remark¬ 
able researches that have been made of 
late by chemists working in this field 
have made available synthetic products 
which have the same physiological prop¬ 
erties as the male and female hormones 
ordinarily found. 

The general characteristics of “male¬ 
ness” and “femaleness” are undoubt¬ 
edly due to the action in the organism 
of the male hormone and the female hor¬ 
mone, respectively. Also, there seems 
little doubt that the fluctuating concen¬ 
tration of sex hormones in the blood of 
woman is the basis for a number of 
altered behavior patterns so peculiar to 
the female. It may be confidently ex¬ 
pected that great advances will be made 
in this subject in the near future, be¬ 
cause accurate methods for the assay of 
certain of the hormones in the blood and 
secretions of the individual are being 
developed. 

Suprarenal Glands 

Although the suprarenal glands in 
man and the higher vertebrates appear 
on macroscopic examination to be a pair 
of discrete structures, actually they con¬ 
sist of two distinct types of tissue, one of 
which, the medulla, is developed in close 
association with the sympathetic nervous 
system; the other, the cortex, is more 
closely related to the genital organs in 
its development. Two definite and dis¬ 
tinct hormones have been obtained from 
suprarenal tissue—adrenin and cortin— 
and there still remains the possibility 
that other active principles may be ob¬ 


tained from these very important endo¬ 
crine glands. The symptoms which 
develop in patients with suprarenal 
gland disease depend upon which part 
is involved Thus, there may be evi¬ 
dences of under- or over-activity of 
medulla or cortex or of both medulla and 
cortex. A discussion of the various types 
of suprarenal cases and their behavior 
characteristics would take us too far 
afield. Suffice it to say, since one supra¬ 
renal hormone (adrenin) is a sensitizer 
of the sympathetic nervous system, and 
abnormal functioning of the cortex may 
result in profound changes in the secon¬ 
dary characteristics of sex, that there is 
here a hormonal background for each of 
a variety of behavior patterns manifested 
by those suffering from suprarenal dis¬ 
ease. 

Pancreas 

The hormone insulin produced by the 
islet tissues of the pancreas furnishes an 
excellent illustration of an indirect effect 
of an endocrine secretion upon behavior. 
In severe untreated cases of diabetes the 
blood sugar level is elevated and there is 
a condition of acidosis due to the pres¬ 
ence in the blood stream of large amounts 
of the so-called acetone bodies. By the 
proper use of insulin the blood chemistry 
of these patients may be restored to nor¬ 
mal and with this restoration of certain 
of the blood constituents to normal 
values there is as a rule a great change 
in the mental attitude and outlook. If, 
however, an overdose of insulin is given, 
or if adequate carbohydrate is not avail¬ 
able, the blood sugar may fall below 
normal and, if this condition of hypogly¬ 
cemia is allowed to progress, a convulsive 
seizure with loss of consciousness may re¬ 
sult. During the time that the blood 
sugar is falling from the normal level to 
the convulsive level, various changes may 
occur in the patient’s subjective sensa¬ 
tions. There may be at first a sensation 
of hunger, to be quickly followed by 



416 


THE SCIENTIFIC MONTHLY 


faintness. The subject may gradually 
become inarticulate, although still quite 
conscious, but consciousness is soon lost 
and a convulsive seizure occurs. This, if 
untreated, may end fatally. A small 
quantity of sugar will in a few minutes 
restore a patient in hypoglycemic shock 
to normal 

The hormone adrenin raises tbe blood 
sugar by virtue of its ability to cause 
glycogen, which is present in the liver 
and muscles, to break down to glucose. 
Professor Walter Cannon and his col¬ 
leagues 4 in their brilliant presentation 
have shown that the suprarenal glands 
may be activated in a number of ways 
to discharge adrenin; chief among these 
were pain, hunger, fear and rage. A 
good example of this emergent function 
of the suprarenals was recently reported 
to me I would like to quote it because it 
furnishes an excellent illustration of the 
effects of two hormones in the same sub¬ 
ject 

A diabetic patient taking the insulin 
treatment realized one morning as he 
was walking down the street that he was 
developing a hypoglycemic reaction. 
Finding that he had forgotten to provide 
himself with a chocolate bar, he pro¬ 
ceeded to the nearest drug store. By 
the time he reached the store his gait was 
unsteady and his speech incoherent. He 
tried to explain to the druggist what he 
wanted, but the latter, fully convinced 
that he was dealing with a drunken man, 
threw him into the street. The patient, 
still conscious and terribly enraged at 
being so treated, promptly recovered and 
proceeded to another store unaided, 
made his wants known and continued on 
his way. Obviously we have here an 
example of the activation of the adrenals 
as a result of anger, leading to the re¬ 
lease of enough adrenin to cause an in¬ 
crease in the patient’s blood sugar suffi- 

4 W. B. Cannon, 4 4 Bodily Changes in Pain, 
Hunger, Fear and Rage . 19 Appleton and Com¬ 
pany, New York, 1916. 


cient to restore his equilibrium and his 
powers of speech. 

The Anterior Pituitary Lobe 

Research work of the past few years 
in connection with anterior lobe physi¬ 
ology has established this organ as a 
master-gland among the endoerines. 
This is due to the fact that it exercises 
a trophic influence on a number of these, 
such as the thyroid, the suprarenal and 
the gonads. Over-activity or under¬ 
activity of the anterior pituitary is 
therefore bound to result in changes in 
other glands. These will be over-stimu¬ 
lated or under-stimulated according as 
the anterior lobe is liberating more or 
less of the specific trophic principles 
In cases of manifest disordered function¬ 
ing of any of the pituitary-controlled 
ductless glands, the question always 
arises as to whether the particular gland 
in question is on an abnormal functional 
level due to a change in anterior lobe 
activity or whether the abnormal condi¬ 
tion is due to a primary change in the 
gland or glands involved. 

Because of this close functional asso¬ 
ciation between the anterior pituitary 
and other glands of internal secretion, 
it is possible that most of a group of 
widely divergent cases of obvious en¬ 
docrine disease may have one thing in 
common—namely, a primary functional 
disturbance in the anterior lobe. Clini¬ 
cians will agree, I think, that most frank 
endocrine cases have abnormal behavior 
patterns, and since the dominance of the 
anterior lobe in the endocrine chain is 
established, it would appear that this 
gland and its various hormone products 
have more to do with behavior in the 
human subject than any other gland or 
glandular secretion. 

While the variety of cases possessing 
altered anterior lobe function is great, 
two typ$s are often referred to, to illus¬ 
trate on the one hand the results of over¬ 
activity and on the other under-activity 



HORMONES 


417 


of this gland. The former is acromegaly 
and the latter pituitary dwarfism. In 
the early stages of acromegaly there may 
be obvious signs of hypergonadism and 
hyperthyroidism. Barker 5 states that 
marked mental disturbances, frequently 
of a hypomanic character, may be asso¬ 
ciated with this form of hyperpituitar¬ 
ism. Most of these cases tend to show 
signs of failing pituitary function in 
later years, often accompanied by cor¬ 
responding changes in mentality. At¬ 
kinson, writing on acromegaly, cites 
fifty-four authors who in their publica¬ 
tions on this disease mention personality 
changes of varying severity from simple 
melancholia to manic depressive insanity 
and schizophrenia. As early as 1897, 
Brunet stated that one quarter of all 
cases on record within ten years of the 
first case described by Pierre-Marie 
showed personality changes. Cushing 6 
found that in one form or another 
psychic irregularities were manifested 
in the larger number of patients suffer¬ 
ing from this endocrine disease. 

As a result of a critical investigation 
of many endocrine cases, the late Allan 
Winter Rowe 7 concluded that frank 
psychoses and less well-defined psy¬ 
choneuroses find a definite representa¬ 
tion in all the groups of endocrine dis¬ 
order. He found that the prepubertal 
pituitary case was frequently a child 
with a behavior problem. He found that 
cases of pituitary disease manifesting the 
Frohlich syndrome usually had a genu¬ 
ine lowered mental acuity. The adult 
pituitary cases studied by Rowe showed 
a definitely high percentage of individ¬ 
uals mentally normal. Those who tended 
toward hyperfunction frequently showed 
high intellectual capacity. 

bLoc. oit . 

«H. Cushing, “The Pituitary Body and Its 
Disorders. ’ * J. B. Lippincott, Philadelphia, 
1012 . 

v A. W. Rowe, Collected papers from the 
Evans Memorial Hospital. 


The pituitary dwarf is as a rule, in 
the early years at least, within normal 
limits in so far as behavior is concerned. 
As the subject grows older, however, 
there may develop an abnormal behavior 
pattern as an indirect result of the hypo¬ 
pituitarism. The short stature and the 
hypogonadism are the usual causes of 
the changed mental outlook which some 
of the older cases present. 

A good example of marked behavior 
change in the dog, which can be attrib¬ 
uted to hormone treatment, is afforded 
by the young animal that has been 
hypophysectomized and then after sev¬ 
eral weeks is treated with a potent hy¬ 
pophyseal extract. Cushing, 8 in his 
pioneer work on the pituitary gland, 
described many examples of behavior 
and personality changes which he had 
observed in his hypophysectomized dogs. 
The case of a wolf-hound puppy studied 
recently in my own laboratory is of par¬ 
ticular interest in this connection. It 
was observed, soon after the removal of 
the pituitary gland, that the animal, 
although belonging to a naturally ag¬ 
gressive stock, became extremely stupid 
and timid in his behavior. There was, 
in fact, a clear-cut deterioration in his 
behavior from the normal pattern of the 
wolf-hound puppy. After many months 
the animal was treated daily with an 
anterior pituitary extract. Within a 
few days the animars general behavior 
and personality were markedly altered, 
so that he acted much more like the 
normal type. The change was so appar¬ 
ent that a worker in the laboratory, un¬ 
aware that treatment had been started, 
commented upon the unusual activity of 
the animal and asked if anything had 
been done which might account for it. 

Cases such as this, proving as they do 
that the level of intelligence in an 
animal can be raised as a result of the 
action of certain hormones, afford a 
background which should allow us to 

s Loo . eit . 
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look forward with a greater degree of 
confidence to the possibility of applying 
the results of endocrine research to the 
solution of some of the problems of 
human behavior. 

In the discussion thus far I have at¬ 
tempted to show that the endocrine sys¬ 
tem and its products, the hormones, con¬ 
stitute an essential part of the. animal 
machine; since individual human behav¬ 
ior must of necessity be dependent upon 
the nature of the body which the sub¬ 
ject possesses, it follows that hormones, 
one of the variable quantities in that 
body, can contribute both directly and 
indirectly to the particular pattern 
manifested at any one time. Let us now 
examine a little more closely into the 
mechanism by which hormones can in¬ 
fluence human behavior. As a starting 
point, I can not do better than to recall 
to you some of the principles of genetics 
which are applicable here. Since the 
development of each individual follows 
from the original union of two cells, the 
sex elements egg and sperm, it follows— 
whatever the outcome may be—that it 
has been predetermined in large measure 
by the character of these two cells. The 
fact that this predetermination is due 
to the chromosomes of the parent cells 
and the countless genes which they con¬ 
tain has long since been established by 
the research work of the geneticists 
Some of the properties of the genes, the 
agents directly responsible for the trans¬ 
mission of hereditary characters, are 
worthy of note here, because of the im¬ 
portant bearing which they have on the 
subject under discussion. They are able 
to reproduce themselves exactly; they 
are in a way independent of one an¬ 
other and each gene may have a separate 
or independent effect upon development; 
one gene may produce effects in more 
than one organ, and many different 
genes may affect a single organ. It has 
been Btated, for example, that the eye 


of the fruit-fly may be affected by more 
than fifty different genes.* 

Riddle 1 " has said: “Our stature, our 
facial features, the color of our eyes, 
skin and hair, the capacity of our blood 
to clot, our susceptibility to certain dis¬ 
eases and certain malformations of our 
bones and the nervous system, are all 
known to be influenced by genes. On 
the mental side, color blindness, feeble¬ 
mindedness, some gradations of mental 
ability, and some forms of insanity are 
known to be influenced by genes.” An 
interesting example of a type of idiocy 
with which there is an associated meta¬ 
bolic disturbance (the excretion of 
phenyl-pyruvic acid) has been studied 
by Penrose 11 and ascribed by him to a 
single recessive gene. 

Some sixteen years ago, Riddle started 
an experiment to establish races of 
pigeons characterized by increased or 
decreased function of some of their en¬ 
docrine glands. He started with twenty- 
four pairs of birds taken from mongrel 
stock and bred them for fifteen genera¬ 
tions, all the while selecting only indi¬ 
viduals with particular types of glands 
for inbreeding. His most outstanding 
results were obtained in connection with 
the thyroid gland. He was able to pro¬ 
duce three distinct strains or races, the 
individuals of each of which had a con¬ 
stant thyroid size, but the thyroid size 
was different in each of these races. 
But more important still, Riddle was 
able to show that the birds of different 
“endocrine” strain differed markedly in 
their basal metabolic rate, in body size 
and in their degree of response to certain 
hormones injected into them. As Riddle 
remarks: “How much more valuable 
would such an experiment have been if 

• H. 6. Jennings, “The Biological Basis of 
Human Nature. ” W. W. Norton and Company, 
New York, 1980. 

io 0. Biddle, Unpublished lecture, Cincinnati, 
1936. Quoted by kind permission of the author. 

31 L. 8. Penrose, Laneet, 1: 83, 1936. 
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it could have been done on human be¬ 
ings, because differences in behavior and 
in mentality could have been recorded. ” 
In any case, this most valuable contri¬ 
bution of Riddle shows unmistakably the 
great importance of genetic factors in 
relation to the development of the en¬ 
docrine glands of each individual. Be¬ 
havior, then, of the individual in so far 
as it is influenced by the endocrine 
glands is indirectly dependent upon the 
genes to which he has fallen heir and 
which, together with environmental 
forces, determine his endocrine constitu¬ 
tion. This brings us to the constitu¬ 
tional factor which is so important in 
dealing with almost all human ailments, 
mental or physical. This is simply the 
expression of the combined results of the 
action of environmental influences and 
hereditary factors which have through 
their agents, the genes, made the indi¬ 
vidual what he is 

The studies of Smith and MacDowell 12 
on the dwarf mouse furnish another ex¬ 
cellent illustration of the effect of ge¬ 
netic factors on endocrine gland develop¬ 
ment. These authors have shown that a 
single gene controls the development of 
certain cells in the pituitary gland, and 
it is probable, when this gene is not pres¬ 
ent in the chromosomes of the mouse, 
that its pituitary gland can not secrete 
certain of the active principles which the 
normal gland produces and liberates. 

Environment is another important fac¬ 
tor affecting endocrine activity. The 
hormones circulating in the blood consti¬ 
tute a part of the internal environment 
of living things. As pointed out earlier, 
the activity of the endocrine glands 
themselves may be affected by environ¬ 
mental factors and here the nervous sys¬ 
tem is often the channel used in com¬ 
municating the stimulus arising in the 
external environment to the cells which 
produce the hormones. Blood-borne 

**P. E. Smith and E. 0. MacDowell, Anat. 
Record, 46: 849, 1080. 


messages by means of chemical agents 
may also play a part here. 

It is well recognized that environment 
can affect profoundly both physical and 
mental development, and hence behavior. 
Mendel was able to produce much larger 
rats by means of special diets; and, to 
borrow an analogy from the plant world, 
the growing soy-bean under red-yellow 
light will become a delicate twining vine; 
under blue-violet light it becomes a 
sturdy herb. 18 There are in the case of 
the human family cases of whole peoples 
showing behavior which we should judge 
as definitely abnormal, in whom as yet 
no evidence of physiological abnormal¬ 
ity, endocrine or otherwise, has been 
described Examples such as paranoia 
in Dobu and the megalomania of the 
Kwakiutl must certainly be due in the 
main to the special environmental influ¬ 
ences prevailing in each case—namely, 
the specific culture-patterns evolved by 
these societies Yet, even in such socie¬ 
ties as these, as in our own, there are 
doubtless differences of temperament and 
individuals who depart from the norm of 
the society in one direction or another; 
and it may well be that endocrine factors 
partly determine such individual varia¬ 
tions. It may also be noted in this con¬ 
nection that even if the contention of the 
psychoanalysts be accepted, behavior 
traits in adult life are largely determined 
by the infant's solutions to the problems 
by which it is confronted—especially 
problems of nutrition, excretion and 
sexual relationships—nevertheless, there 
is room in such theories for genetic fac¬ 
tors, in part possibly endocrine, which in 
their turn determine which of the various 
possible solutions of these problems the 
child may finally accept. 

While modern endocrinology was yet 
in the embryonic stage of development, 
the great French physiologist Claude 

« w. H. Popp, Contrib. Boyce Thompson In¬ 
stitute for Plant Research , 1: 241, 1926. 
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Bernard pointed out that in all animals 
with complex organization the living 
parts exist in the fluid which bathes 
them. He called this the 4 'milieu in¬ 
terne,’ 9 the internal environment. Ber¬ 
nard recognized the great importance of 
the fixity of this internal environment as 
a condition for free and independent life. 
As Cannon has said, “The fluid "matrix 
of the body is made and controlled by the 
organism itself.’’ It is this ability of 
the higher forms of animal life to pre¬ 
serve uniform the composition of their 
tissue fluid that makes them more inde¬ 
pendent than their lowly ancestors of 
changes in the external environment. 
Many varied and complex physiological 
reactions together maintain the steady 
state of the internal environment. Such 
steady states which result from the co¬ 
ordination of various physiological pro¬ 
cesses have been described by Cannon as 
“physiological homeostasis .’ 9 But in 
spite of the efficiency of the organization 
for homeostasis, changes of sufficient de¬ 
gree do occur at times in the internal 
environment to cause profound repercus¬ 
sions. Removal of an endocrine gland, 
for example, has an immediate effect on 
the internal environment, and in the 
period which follows, during which ad¬ 
justment to the altered state is taking 
place, changes in many other organs may 
take place. 

All tissues of the body are susceptible 
to slight changes in the composition of 
the fluid which bathes them, and this is 
particularly evident in the case of the 


more highly organized tissues such as the 
brain. Mind, from the biological view¬ 
point, may be considered as a function 
of the brain—its most recently acquired 
and highly evolved function. As a living 
tissue, the brain is particularly sensitive 
to changes in the internal environment. 
It follows, therefore, that the brain, the 
organ of mind, can be affected pro¬ 
foundly not only by changes in hormone 
content of the blood and tissue fluids to 
which the nerve cells are exposed, but by 
changes in any of the physical, chemical 
or physiochemical properties of these 
fluids. Slight changes in subjective 
feelings, in thought and in actions of 
normal individuals from month to 
month, from day to day, and even at 
times from hour to hour, may be logi¬ 
cally explained as the result of the reac¬ 
tions of the higher centers to slight 
changes in the internal environment. 

Summarizing, it may be said that be¬ 
havior of the individual would seem to 
be determined by three things: (1) what 
he comes into life with—namely, his 
hereditary background; (2) his external 
environment; (3) his internal environ¬ 
ment. It is only through this last chan¬ 
nel that the direct effects of hormones 
on human behavior can be manifested. 
Indirectly, hereditary factors and the 
external environment can, as we have 
seen, produce changes in the hormone 
patterns of the internal environment. 
Thus each of these three can influence 
behavior indirectly through the hor¬ 
mones. 
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The word “mammal” is an artificial 
term and has no vernacular equivalent 
in any language. Linnaeus devised the 
word “mammalia” after the Latin “ani- 
malia”; and it was, as Dr. Gill used to 
say, one of Linnaeus’s happiest inspira¬ 
tions to bring together all mammals un¬ 
der a single heading. Formerly bats and 
whales were not supposed to be mammals, 
and there was a formal antithesis be¬ 
tween man and beast, as though man were 
not a mammal himself. Thus “beast” 
and “quadruped” are not the exact 
equivalents of mammalia. The English 
form “mammal” was proposed by Dr. 
John Mason Good about 1813, who was 
very apologetic, not understanding that 
he was performing a real service to zoolo¬ 
gists. Other languages also have arti¬ 
ficial words for the same concept, such as 
the French “mammif&re,” the Spanish 
“mamifero.” The Germans translate 
the term and call it “Siiugetier”—the 
sucking animals But in all these and 
many other languages the word is purely 
artificial and derives from Linnaeus's 
“mammalia.” 

The definition of the mammalia may be 
made a long and complicated story, but 
that is quite unnecessary. Two or three 
fundamental characteristics are quite 
sufficient to set the group off from the 
other vertebrated animals, such as rep¬ 
tiles, birds and fishes. As the term im¬ 
plies, mammals suckle their young, the 
possession of milk-glands being entirely 
uniform throughout the class. With the 
exception of the egg-laying monotremes 
of Australia, mammals bring forth their 
young alive and are not egg-layers. In 
the third place, mammals are without 
exception warm-blooded, a characteristic 
which they share only with birds. 

421 


Finally, they are normally covered with 
hair, though a few animals, like elephants 
and hippopotamuses, have lost that hairy 
covering. The naked skin is invariably 
secondary. No other animal has hair, 
and even the seemingly hair-like appen¬ 
dages of certain birds are not really hairs 
but barbless feathers. 

The marvelous story of mammalian 
evolution is recorded m the rocks, more 
especially those of the western part of 
North America and the southern part of 
South America Other regions have 
parts of the story m wonderful com¬ 
pleteness, such as the Gobi Desert of 
Mongolia and certain deposits in Greece 
and France But no other part of the 
world has so continuous a record as the 
continents of the Western Hemisphere. 

It is impossible in the time at our dis¬ 
posal to explain the method by which 
the rocks of the earth’s crust are ar¬ 
ranged in chronological order, and chro¬ 
nology is the foundation of the whole 
history of evolution. This is amusingly 
illustrated by an anecdote which I heard, 
but the truth of which I can not guaran¬ 
tee, of a foreign potentate who visited 
New York and was taken to the Amer¬ 
ican Museum of Natural History and 
there was shown the series of fossil skele¬ 
tons illustrating the development of the 
horses, from the tiny little Eohippus, 
no bigger than a fox, to the great modern 
draft horses. His guides took for 
granted that he understood the im¬ 
mensity of the millions of years involved 
in this history and took no pains to ex¬ 
plain matters to him. When he returned 
to his kingdom (let us call it Zenda) he 
called his cavalry officers together and 
said: * ‘ The Americans have done marvels 
in horse breeding. They have built up 
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large and heavy horses from tiny little 
creatures no bigger than a pointer dog. 
Now I want you people to get busy and 
turn our native pony into a cavalry 
horse.” If chronology is ignored that 
proposal was entirely reasonable; but it 
is absurd from the point of view of time. 
The age of the earth is now estimated at 
about two billion years; but it Is only 
within the latter portion of that vast 
period, say one hundred million years, 
that the development of mammals from 
reptiles took place, and the table which 
I have put on the blackboard will show 
you the major divisions of this latter part 
of the earth's history. These major divi¬ 
sions of eras, periods and epochs are 
valid for the whole world and are used 
m all continents; but many more sub¬ 
divisions are required to show the details 
of the histories of the various mammalian 
families. No less than thirty subdivi¬ 
sions of the epochs of the Tertiary period 
are in current use; but these are local 
and seldom applicable to more than a 
single continent. 


Latter Part or Earth History 


Cenozoic 

Era 


Quaternary period—Pleistocene 
epoch 

* Pliocene epoch 
Miocene * 1 

Tertiary period j Oligocene * 1 
Eocene * * 

Paleocene * 1 


Mesozoic 

Era 


{ Cretaceous period 
Jurassic “ 

Triassic * * 


The history of mammals begins in the 
Mesozoic era in the upper part of the 
rocks of the Triassic period. By the end 
of the era, the latter part of the Creta¬ 
ceous, much the greater part of mam¬ 
malian differentiation had been accom¬ 
plished ; and yet unfortunately that part 
of the story is the most fragmentary and 
the least understood because of the ex¬ 
treme rarity of Mesozoic mammals. Not 
half a dozen museums in the world have 
any representation of them. Then, too, 
Mesozoic mammals are all small, most of 


them minute, and are known almost en¬ 
tirely from jaws and teeth. While much 
may be learned from such organs, they 
give a very incomplete account of the 
faunas. It was in the Tertiary that the 
amazing blossoming out of the mammals 
into their extraordinary variety was 
carried out, so that now they fill a won¬ 
derful number of different roles adapted 
to radically different habits of life. Most 
mammals are terrestrial—live on the 
ground; many are arboreal, living chiefly 
or exclusively in trees; others are burrow¬ 
ing and live underground; another cate¬ 
gory is the aquatic mammal which lives 
chiefly in the water, such as hippopota¬ 
muses and otters; some live in the sea, like 
seals and walruses that go ashore more or 
less frequently; while whales and their 
allies, porpoises, dolphins, etc., are so thor¬ 
oughly adapted to the marine mode of 
life that they never go ashore and even 
stranding is fatal to them. Then finally 
we have the flying mammals, the true 
fliers like the bats and the gliders like 
the flying squirrels, and other groups 
which by means of a fold of skin spread 
between the four legs are able to take 
most prodigious leaps, as much as 80 
yards, from the top of one tree to the 
foot of another. If an engineer were 
asked to design a locomotive, a tunneling 
machine, a trench digger, a steamboat, a 
submarine and an airplane, and use only 
modifications of a single design, he would 
say that such a task was utterly impos¬ 
sible or at best could produce only un¬ 
satisfactory makeshifts. Yet that is just 
what evolution has accomplished, because 
throughout the whole class there is the 
most complete and unmistakable unity of 
structural plan. The smallest known 
mammal, the shrew (a little insectivorous 
creature no bigger than your little fin¬ 
ger), an African elephant or a ninety- 
foot Greenland whale, all have the same 
skeleton,* modified according to need. 
The mole is a wonderful tunneling ap¬ 
paratus, and his fore feet are perfectly 
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adapted to this operation; yet the bones manuscript was written. My colleague, 


and the number of them and their ar¬ 
rangement are the same as in the arm 
and hand of a man. 

There is an obvious reason why this 
marvelous differentiation and diversifica¬ 
tion did not begin until the latter part of 
the Mesozoic era, and that is the question 
of food supply. Before the latter half of 
the Cretaceous period the land vegeta¬ 
tion of the earth would not have sup¬ 
ported a population of large mammals, 
or even those of medium size. Practi¬ 
cally all our foods—with the exception 
of mushrooms, which are very innutri¬ 
tions—are derived from the flowering 
plants, and these did not come into ex¬ 
istence until the late Cretaceous. They 
are therefore the condition precedent to 
the development of mammals; and when 
the great differentiation and spread of 
this type of vegetation took place, it gave 
mammals their chance, and they took an 
astonishing advantage of it. 

The story of mammalian evolution is 
deduced from the data of paleontology. 
Having a succession of fossils in chrono¬ 
logical order, we are able to deduce the 
method or mode of their advance. The 
principle is precisely the same as that 
employed in almost all historical re¬ 
searches, whether of archeology or the 
study of manuscripts and handwriting 
or any other inquiry of the sort. The 
prehistoric archeologist uses pottery as a 
means of dating his discoveries, having 
once learned the order of change in pot¬ 
tery designs from a series of datable re¬ 
mains. The paleographer, or student of 
manuscripts, does the same for changes of 
handwriting. He ascertains the method 
of change by studying a series of dated 
manuscripts. Every one, even though 
without experience, can identify hand¬ 
writing of the eighteenth and seven¬ 
teenth centuries at a glance, but the 
paleographer can do much more than 
this. He can determine, usually within 
a decade, the time at which an undated 


Dean West of Princeton, many years ago 
was invited by the Grolier Club of New 
York to prepare a new edition (Latin 
and English) of Richard de Bury’s 
“Philobiblon.” De Bury was bishop of 
Durham in the fourteenth century and 
wrote this treatise on books which was 
exceedingly popular, and of it a great 
many copies were made, and every copy 
means a fresh crop of errors. The writer 
copied all the errors of his predecessor 
and added some of his own, until the text 
of the little treatise became entirely cor¬ 
rupt. Dean West got hold of one manu¬ 
script which was remarkably clear and 
free from copyist’s errors, but it was un¬ 
dated In order to determine its date, 
he took it to Oxford and submitted it 
to two famous scholars, and he was told 
in advance that their dates would differ 
by ten years, and so it proved. I do not 
remember the figures, but we may arbi¬ 
trarily assume that one fixed the date 
1450 and the other as 1460. After this 
a hidden date was discovered within the 
manuscript itself, and it turned out to 
be 1455 That, of course, was a lucky 
chance. Such accuracy as that is not 
ordinarily attainable. But the method 
is clear; it is that of first ascertaining 
from dated manuscripts the order of 
handwriting changes, and having learned 
that order, it can be applied to the solu¬ 
tion of the undated copies. 

That is precisely the method which we 
use in paleontology. We learn the order 
of succession, and that is given us by the 
geology or stratigraphy of the rocks in 
which these fossils occur, and from this 
we construct genealogical series of an¬ 
cestors and descendants. No doubt they 
are but rude approximations to the 
truth, yet nevertheless they give us the 
the steps of change in their true chrono¬ 
logical order. From these series we may 
deduce the laws of change. “Law” is 
perhaps an unduly ambitious term. It 
would be more modest and more accurate 
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to say the “mode” of change. We find 
in the first place that the usual method 
by which one group is derived from an¬ 
other by “descent with modification” is 
divergent; that is to say, one group gives 
rise to several others which are unlike 
each other and grow less and less like 
with the progress of time. Tbe usual 
history of two successive divisions of the 
geological scale is that a large proportion 
of the mammals of any one time die out, 
and that the population of the next time 
division is derived from a few survivors, 
giving rise to divergent groups, plus a 
certain number of other groups that 
have been supplemented by immigrants 
from some other region. That involves 
the great mystery of extinction. We are 
as yet entirely unable to account for the 
immense extinctions that have swept 
over the earth from time to time. The 
greatest example of this among verte- 
brated animals is the extinction which 
brought the Mesozoic era and the Creta¬ 
ceous period to a close. The Mesozoic 
was the age of reptiles, of which there 
was an incredible variety adapted to all 
modes of life, and dominating the land, 
the sea and the air, and ranging in size 
from tiny lizards to vast dinosaurs, fill¬ 
ing the sea with sea dragons and the air 
with Pterodactyls. And yet, with what 
seems to be startling suddenness, this im¬ 
mense assemblage was swept away all 
over the earth, leaving only the four 
groups of modern reptiles, snakes, liz¬ 
ards, turtles and crocodiles. In the 
Mesozoic there were twenty-five orders 
as contrasted with these four. No doubt 
the actual dying out of these creatures 
was much more gradual than it seems. 
The apparent suddenness is largely due 
to interruptions in the record. If we 
were reading a book of history and came 
to a place where half a dozen chapters 
had been torn out, the change of subject 
would seem abrupt. It must have taken 
place at any event in a comparatively 
short period of time; and no one has the 


remotest idea as to what brought about 
this revolutionary change. A somewhat 
similar extinction took place among the 
mammals at the end of the Pleistocene 
epoch, the epoch which immediately pre¬ 
ceded our own time, and which ended 
with the disappearance of the Glacial ice 
from the northern continents. That ex¬ 
tinction was by no means so world-wide. 
It affected only about three fifths of the 
land surface of the earth, the warmer 
parts of Asia and Africa escaping its 
effects. But in the Northern Hemisphere 
the destruction was only less complete 
than that of the Mesozoic reptiles. There 
is a remarkable record of Pleistocene 
mammalian life preserved in the tar 
pools of California; and there in the Los 
Angeles Museum may be seen an as¬ 
semblage of mammals incomparably 
richer than that of the present day in 
North America: great numbers of ele¬ 
phants of various kinds, including the 
mastodon; huge cats which, for want of 
a better name, are called California 
lions; the terrible saber-tooth “tigers”; 
gigantic wolves; different species of 
horses, llamas and camels; a dozen differ¬ 
ent kinds of bison, some of them with a 
spread of horns of six feet; gigantic 
beavers as big as black bears; the gro¬ 
tesque and gigantic ground sloths, alto¬ 
gether extinct now, which were, like the 
equally grotesque armadillos and glyp- 
todonts, immigrants from South Amer¬ 
ica. This incredibly rich fauna was deci¬ 
mated by these mysterious extinctions; 
and while we can not explain them, we 
can see that the extinctions were not un¬ 
discriminating, that they followed a 
method, and that method was elimina¬ 
tion of the extremely specialized forms, 
including, for example, the elephants, 
which in the Pleistocene covered every 
continent except Australia and now are 
found only in tropical Asia and Africa. 
Not only is their area thus reduced to 
less than one third of what it was in the 
Pleistocene, but the number of different 



laws of Mammalian evolution 


425 


forms is cut down to one tenth of the 
Pliocene and Pleistocene figures. Ne¬ 
braska is the particularly rich graveyard 
of North American elephants and mas¬ 
todons. As Professor Barbour, of the 
University of Nebraska, has said, almost 
any disturbance of the soil in Nebraska 
will turn up an elephant. 

The feature which particularly distin¬ 
guishes Pleistocene mammals is gigantic 
size; but all these huge, fierce and ter¬ 
rible forms were wiped out as if their 
life depended upon the Glacial ice, which 
of course it did not, though climatic 
changes at that time may have been an 
important factor in bringing about these 
great exterminations. But the same 
principle holds as far back as we can 
trace the story. At every break in the 
record, every pause, the huge and highly 
specialized animals died out; the smaller 
and more moderate ones continued and 
diversified and gave rise to new faunas. 
The record in the Gobi Desert is particu¬ 
larly illuminating of this principle 
Mongolia had a flair for the colossal. 
The most stupendous land animal that 
ever lived is the rhinoceros Baluchi - 
therium, skeletons of which were ob¬ 
tained by the American Museum parties 
in their expeditions to Central Asia 
There has lately been finished in the 
American Museum a life-size mural re¬ 
lief of Baluchithenum, and the incredi¬ 
ble creature stands sixteen feet high at 
the shoulder. The largest existing Afri¬ 
can elephants very rarely exceed twelve 
feet in height. Yet all these great mon¬ 
sters died out at successive times. One 
can see that the more perfectly and 
nicely adapted to its environment any 
animal is, the more fatal will any change 
in that environment be; and that is per¬ 
haps the reason for this selective extinc¬ 
tion, though the extinction itself remains 
a mystery. 

A second kind of evolution is parallel 
development, which may be called for 
short parallelism. This means that re¬ 


lated groups continue for long periods 
of time to follow parallel lines of evolu¬ 
tion, yet without any crossing or mixture 
of blood. The late Professor Cope first 
observed this phenomenon among the 
North American camels, in which family 
he discovered many tribes or phyla that 
kept very exact pace with one another, 
undergoing similar modifications, and 
finally dying out one after the other. 

Certain philologists have contended 
that the various dialects and forms of the 
German language are not to be typified 
by a main trunk and branches, as is usu¬ 
ally done, but rather by parallel chan¬ 
nels of water of which no common source 
is discoverable, but which pursue their 
parallel courses throughout the history 
of the language Whether or not this is 
an acceptable view of the development of 
the Germanic dialects, it is an excellent 
picture of the parallel development of 
tribes within a family. Darwm himself 
recognizes the probability of such par¬ 
allel evolution by saying that allied spe¬ 
cies with similar physiological constitu¬ 
tion might be expected to go through 
similar cycles of variation. But par¬ 
allelism is much more comprehensive 
than this and takes in, not only species, 
but families and orders, as is beautifully 
illustrated by the history of the horses 
on one hand and of the swift running 
ruminants on the other, as will be seen 
more particularly in a few moments. 

The third type of development is con¬ 
vergent development or, in briefer form, 
convergence. By convergent develop¬ 
ment is meant evolution in which more 
or less similar forms are more nearly 
alike than were their ancestors, and is 
thus the exact opposite of divergence. 
The possibility of this was long denied 
by zoologists, chiefly in the interests of 
the theory of natural selection with 
which it seems to be incompatible. Now 
the pendulum has swung to the opposite 
extreme and convergence is overworked, 
many writers finding in it a convenient 
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means of setting aside resemblances and 
relationships which do not suit their 
views. Now, first, for some illustrations 
of this principle. It can be affirmed with 
great positiveness because, in cases to be 
cited, each step in the development can 
be actually observed So far as single 
organs are concerned, like teeth or feet 
or skull structure, the number of cases 
of convergence that may be cited is un¬ 
limited. One of the most remarkable 
instances which may serve as an illustra¬ 
tion of the principle is the astonishing 
saber-tooth marsupial ( Thylacosmilus) 
lately discovered in Catamarca, an Ar¬ 
gentine province, by my friend and one¬ 
time pupil, Mr. E. 8. Riggs, of the Field 
Museum in Chicago. This great skull is 
wonderfully like that of the Pleistocene 
saber-tooth cat Smilodon, which is so 
exceedingly abundant in the tar pools of 
Los Angeles. Not only are the upper 
canine teeth converted into huge sabers, 
but the lower jaw has developed on each 
side a bony flange for the protection of 
the tusks. The general appearance of 
this skull is deceptively like that of the 
California saber-tooth; and yet the crea¬ 
ture is not a cat, is not even one of the 
Carnivora, but a Marsupial nearly re¬ 
lated to the opossums and the 4 ‘Tas¬ 
manian wolves’’ so-called. But conver¬ 
gence may go even further than this and 
involve not simply skull and teeth but 
the entire skeleton. In South America 
in the Miocene of Patagonia there is 
abundantly represented a family of the 
exclusively South American order Litop- 
terna, which is so extraordinarily horse¬ 
like that many paleontologists have in¬ 
sisted that it must have equine relation¬ 
ships and be included in the same ordinal 
group as horses. This idea has been now 
very generally abandoned, and the fam¬ 
ily accepted as one of the most striking 
cases of convergent development known. 
Every bone and almost every tooth is 
horse-like, and in some respects several 
genera of this family actually surpassed 


the horses in the completeness of the re¬ 
duction of the toes to a single one. The 
modern horse, it is true, has but a single 
functional toe, the third of the original 
five, but, in addition, retains the rem¬ 
nants of the second and fourth toes in 
the shape pf long “splint bones,” which 
are not visible externally. But the mock 
horses of South America have reduced 
the splints to vestiges no larger than a 
split pea, making the most perfect mono¬ 
dactyl creatures ever discovered. 

The question naturally presents itself, 
How far may convergence extend f And 
a partial answer at least is given by the 
fact that it never amounts to identity or 
exact similarity. While every bone and 
nearly every tooth of this Patagonian 
horse-like creature resembles the corre¬ 
sponding parts of true horses, especially 
those of the three-toed kinds found in 
the North American Tertiary, no compe¬ 
tent anatomist would confuse one with 
the other. There is a marked similarity 
throughout, but nowhere an exact simi¬ 
larity. 

Time forbids the enumeration of more 
cases of these kinds of development— 
divergence, parallelism and convergence. 
The latter two modes of development are 
less common. Divergence is the normal, 
usual one, so far as the records have yet 
been deciphered. 

We may now take up one or two lines 
of descent which have been most satis¬ 
factorily deciphered from the story in 
the rocks. The case of the horses has 
been so often cited that many paleon¬ 
tologists are tired of it and make mock 
of it, as though an assertion were ren¬ 
dered untrue by repetition. This story, 
which is the most complete yet ascer¬ 
tained in the history of mammalian fami¬ 
lies, begins in the early Eocene and con¬ 
tinues to the present day. No doubt its 
actual beginning in the Paleoeene will 
some day be brought to light. The ear¬ 
liest horse known as yet is the little 
Eohippus of the Lower Eocene, a crea- 
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ture no larger than a fox or greyhound, 
with short neck, short limbs and feet, 
long body and tail, with-four toes on the 
fore feet and three on the hind, and with 
teeth of a very simple pattern, low- 
crowned, forming roots immediately 
after eruption, so that no further growth 
is possible. In each of the thirty odd 
subdivisions of Tertiary and Quaternary 
times there is found the characteristic 
horse genus of that subdivision, together 
with branches which came to nothing in 
the long run but which display step by 
step modification. Each genus is com¬ 
posed of larger animals than the preced¬ 
ing one, so that there is a steady increase 
of size. The neck grows steadily longer; 
the limbs and feet are gradually elon¬ 
gated in each successive stage. Of the 
bones of the forearm and lower leg, the 
outer one is reduced, the inner one en¬ 
larged so as to carry the whole weight, 
and eventually the two co-ossify into 
what is functionally a single bone. The 
number of toes is reduced, first to three 
in each foot; then the median, third toe 
enlarges and the second and fourth 
diminish until they become mere dew- 
claws and finally lose their external por¬ 
tions so that only splints remain, and 
these shrank and grew shorter with time 
The teeth take on an exceedingly compli¬ 
cated pattern and continue to grow 
throughout life; because midway in the 
history the horses took to grazing, living 
principally upon grass, and grass is an 
extremely abrasive substance, which 
wears teeth down very rapidly; and if 
the life of the individual were not to be 
unduly shortened, it was necessary that 
the teeth should continue to grow and 
make up for the loss by wear. The skull 
and jaws are remodeled to make room for 
these greatly elongated teeth. Through¬ 
out nearly all their history the horses 
were very light and slender, having much 
the proportions of deer or antelope: but 
late in the Tertiary, in the Pliocene 
epoch, they began to take on the sturdy 
build of modem horses without losing 


the grace and beauty of equine propor¬ 
tions. The whole object, so to speak, 
of equine development is, as Huxley 
phrased it, to form a “cursorial ma¬ 
chine,” which the horse preeminently is. 

The swift-running ruminants, whose 
history is not known with quite such full¬ 
ness and exactness and yet with a con¬ 
siderable degree of completeness, parallel 
the horses in this development for speed, 
and step by step we may follow the pro¬ 
gressive elongation of the neck, the short¬ 
ening of the trunk and tail, the elonga¬ 
tion of the limbs and feet and the 
reduction of the toes. In the ruminants 
and their relations the limit of reduction 
is two; and yet they overcome this to a 
certain extent by fusing the two long 
bones of each foot into a single cannon- 
bone, though the visible toes remain sepa¬ 
rate, which gives the appearance of a 
“cloven hoof ” 

A totally different type of develop¬ 
ment we find among very heavy and 
massive animals, such as the elephants, 
rhinoceroses, hippopotamuses and sev¬ 
eral extinct groups of hoofed animals, 
which show a very similar mode of devel¬ 
opment In each of these lines, the hip¬ 
popotamus excepted, we may trace the 
developmental steps, and in them there 
is a similar increase of bodily size and 
weight to a bulk much greater than that 
of horses and ruminants, rising in the 
larger individuals to several tons and 
presenting a mechanical problem which 
is very different from that of the swift¬ 
running types. In all these massive 
forms we find that reduction of the toes 
stops at the point reached when great 
increase of weight began; as five in the 
elephants, four in the hippopotamuses 
and three in the rhinoceroses. In all these 
heavy forms the feet remain short, the 
limb bones are unreduced and never co¬ 
ossify, the neck is short, the trunk very 
long, and the skull develops a huge mass 
of sinuses or connecting cells which pro¬ 
tect the brain. This reaches a maximum 
in the elephants, so that much knowledge 
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and skill are required to put a bullet into 
an elephant’s brain. In the largest and 
heaviest of these animals of most of the 
different groups, the leg bones lost their 
marrow cavities, which are filled up with 
spongy bone, increasing the strength of 
the bone without enlarging its diameter. 

These are two types, then, of^mamma- 
lian evolution so far as the hoofed ani¬ 
mals are concerned. Development of the 
Carnivora, to say nothing of the flying 
types, took place along entirely different 
lines, because the mode of life and habits 
of taking food are so radically different. 
But the fact remains that all these lines 
of modification, while differing so much 
in detail, follow similar principles, which 
may be formulated and which constitute 
the “laws” of mammalian evolution. 

In the first place, specialization takes 
place by loss of parts. The earlier mam¬ 
mals had the maximum number of teeth, 
of vertebrae, of toes; and while we can 
not assert with definiteness that no addi¬ 
tional tooth or toe or vertebra was ever 
developed, yet it may be said that that 
is not the normal method of modification, 
but a very rare exception. The earlier 
mammals of the Paleocene and older 
Eocene had the maximum number of 
these parts, and in each successive stage 
of geological time in the progressive 
groups this number was reduced. In all 
the placental mammals of the early 
Eocene the number of teeth is 44, which 
in ourselves is reduced to 32, and every 
genus or species almost has its own char¬ 
acteristic number. The only cases of 
tooth addition are those of the toothed 
whales and certain armadillos. A por¬ 
poise or a dolphin has several hundred 
teeth, a number far in excess of the an¬ 
cestral types, which had only 44. But 
here the increase in parts is accompanied 
by a complete simplification. The teeth 
are remarkably peg-like without any 
modification whatever. Of the normal 
type of mammal teeth, there is but one 
case of probable addition in number, and 
that is the long-eared fox of South 


Africa ( Otocyon ), which has four molars 
instead of the normal number of three. 
How this exceptional condition arose can 
not be stated until the history of the 
genus has been ascertained; but it looks 
like a case of addition and, if so, is 
unique. Elsewhere reduction in number 
is the invariable rule. This reduction 
in number is accompanied by enlarge¬ 
ment and specialization of the parts re¬ 
tained. The horse’s foot, for example, 
is far more elaborately constructed than 
the foot of a rhinoceros or a tapir, be¬ 
cause reduction to a single digit makes 
necessary greatly increased strength in 
the joints, and we find elaborate arrange¬ 
ments to prevent dislocation. A very 
perfect illustration of the enlargement 
and specialization of parts remaining is 
given by the lower shearing teeth of the 
lion or tiger or other large cats. In the 
ancestral form, as may be demonstrated, 
this tooth had five cusps* an anterior 
shearing triangle of three and a lower 
posterior heel of two. One by one these 
cusps are reduced, until there are only 
two of the original five remaining, form¬ 
ing part of the shearing triangle, while 
the heel disappears altogether. These 
two cusps are greatly enlarged, made thin 
and sharp-edged, and form, with the 
corresponding upper tooth, a most per¬ 
fect shearing apparatus. A lion can bite 
through a horse’s leg as though it were a 
stick of macaroni. This, however, is only 
one method of tooth modification A less 
common one is the addition of cusps, and 
the most perfect example of this is the 
grinding tooth or molar of an elephant, 
which, as has been shown, arose from a 
smaller tooth of four cusps. In the last 
molar of the elephant we may find as 
much as 25 or 30 plates of alternating 
dentine, enamel and cement; but the 
teeth are of such immense size that only 
two can find room at the same time in 
each side, above and below, making a 
total of eight. There are other cases of 
this same sort, like the water hog or 
capybara of South America, which is the 
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largest of existing rodents and which has 
almost as enlarged and complicated a 
tooth as an elephant. The wart hog 
of Africa also imitates the grinders of 
the elephant. But the more common 
method, as explained, is by reduction of 
parts and specialization of those which 
are retained. It is only in the teeth that 
we find additional elements. In all other 
parts of the body reduction is the rule. 
For instance, no existing Perissodactyl 
(the horse, tapir and rhinoceros group) 
has more than 23 vertebrae in the trunk. 
In the Eocene period we find 25 to *30, 
and all the early members of every order 
have long tails, which are retained in full 
length only by the great cats. All others 
have diminished their tails, and many 
have lost them altogether. 

Another principle is the one enunci¬ 
ated by the late Professor Dollo, of Brus¬ 
sels; namely, the irreversibility of evolu¬ 
tion. This may have exceptions, but it is 
undoubtedly the general rule. A part or 
organ once lost is never regained, so far 
as we know. It has been done by arti¬ 
ficial breeding, as Professor Castle, of 
the Harvard Medical School, has bred 
four-toed guinea pigs, though their wild 
ancestors as well as all the domesticated 


forms, are three-toed. But there is no 
reason to believe that this happens under 
natural conditions. If so, it is the rare 
exception. 

The question arises, What is back of 
all this ? What is the driving force that 
has produced this astonishing develop¬ 
ment and diversification! And the an¬ 
swer must be: We do not know. Dar¬ 
win’s theory of natural selection did 
offer a solution of the problem, and many 
naturalists still retain a belief m this 
theory. It has, however, steadily lost 
ground; and paleontologists especially 
have never been satisfied with it, because 
it seemed incompatible with the phenom¬ 
ena of parallel and convergent evolu¬ 
tion, which have been so fully demon¬ 
strated. It certainly seems impossible 
that selection of random variations in 
unrelated lines should have produced 
such likenesses as the saber-tooth mar¬ 
supials and the mock horses of South 
America But in giving up the theory 
of natural selection we have nothing to 
put in its place and it does not seem 
likely that we ever shall have; though 
he is either a very foolish or a very bold 
man who would undertake to set limits 
to the possibilities of scientific discovery. 
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“All flesh is grass,’’ an ancient scrip- One can hardly say just how long man 
tural saying, is essentially true? for as has been present, but there is clear evi- 
all herbivorous animals are directly de- dence that he existed as a very primitive 
pendent on plants, so, once removed, are individual in the Tertiary. It was not, 
carnivorous animals dependent on the however, until some time during the 
vegetation, even as is man. To a very Pleistocene that he commenced to become 
large degree our present civilization is a dominant factor, and even here the 
based directly or indirectly on plants, term dominance is relative. Man’s early 
and its continuance, in ultimate analysis, progress was exceedingly slow. As long 
is definitely dependent on the plant king- as he remained in the primitive stage of 
dom. These evident truths are merely nomadism, having no fixed place of 
stated to explain or at least to justify abode, dependent for his daily food en- 
the caption, “Plants and Civilizations.” tirely on hunting, fishing and such 

There is an interesting corollary be- edible portions of wild plants as were 
tween the development of the various available to him, little definite progress 
types of vegetation in past geologic times was possible. Thus dependent on nature 
and the types of animals characteristic for his daily food, he must, of necessity, 
of each geologic period In the past, as follow a nomadic existence, for such a 
now, the animals of each epoch were de- food supply is not constant, varying 
pendent on the available food supply, from season to season, involving the ne- 
and at all times the vegetation was the cessity of moving from place to place in 
primary source. It was not until after search of it. It was only well after agri- 
the modern types of vegetation were de- culture had become a definitely estab- 
veloped, in the Cretaceous and in the lished art that anything approaching 
Eocene of the Tertiary, that the mam- what we call civilization was possible, 
mals, the highest group of animals, could for agriculture is and always has been 
become dominant, although they ap- basic to advanced cultures in all parts 
peared in geologic time some millions of of the world. All early civilizations are 
years earlier. Previous to the develop- proofs of leisure, provided by a perma- 
ment of the grasses, the chief type of nent and dependable food supply, as well 
plant that will thrive under constantly as of innate capacity on the part of the 
heavy grazing, the food supply of the pioneers of civilization, no matter where 
herbivorous mammals was distinctly lim- located. 

ited. The Eocene, the oldest period of The claim is frequently made that 
the Tertiary, commonly designated “the astronomy is the oldest of the sciences, 
dawn of the recent,” was the dawn but this may be challenged if we admit 
of the recent only in so far as the animal that agriculture and a wide knowledge 
life was concerned. Most of the modern of the economic uses of plants are sci- 
types of flowering plants were even then ences. Before even the most primitive 
extant and widely distributed, many of agriculture could be developed, man 
them having originated in the Creta- must have acquired a vast fund of 
ceous. knowledge about plants, their properties 

430 



PLANT® AND CIVILIZATIONS 


431 


and uses; botany, if you will, or at least 
economic botany. Essentially this knowl¬ 
edge must have been empirical, acquired 
in part by the method of trial and error, 
in part by direct observation, but it was 
cumulative. This applies to plants yield¬ 
ing edible fruits, seeds, tubers, vegetative 
parts and even flower-buds and flowers; 
to those yielding poisons, medicines, 
fibers, gums and resins; and even to 
those yielding timbers adapted to this 
or that particular need. It was only on 
the basis of a very wide and intensive 
empirical knowledge of plants, their 
products and their uses, that primitive 
man could possibly develop even the 
beginnings of agriculture, and these be¬ 
ginnings must have antedated anything 
that we should recognize as civilization 
by many thousands of years. 

Ethnologists recognize various periods 
in man ’s development from a thoroughly 
primitive nomad through various stages 
to what we call modem civilization. For 
several million years little progress was 
evident. Conservative ethnologists place 
the beginnings of culture at approxi¬ 
mately the opening of the so-called Ice 
Age near the close of the Tertiary. In 
terms of geologic time, as now estimated, 
this was about 1,000,000 years ago, but 
even at this remote period crude stone 
implements were in use. Man’s actual 
presence on the earth long antedates this 
period. 

For most of this million years upward 
progress was very slow. Beginning 
perhaps between 20,000 and 30,000 years 
ago, but probably earlier, more definite 
advances were made. The use of fire, 
the construction of shelters, the use of 
clothing and bodily ornaments, the prac¬ 
tice of various ceremonies, primitive 
sculpture, formal burial of the dead, are 
some of the factors involved in a very 
slowly unfolding civilization. 

Then came an economic revolution of 
the greatest significance for the future 
of the human race. Possibly between 


10,000 and 15,000 years ago, but prob¬ 
ably earlier, although some authorities 
allow only 8,000 to 10,000 years, agri¬ 
culture became an established art, and 
the primitive civilizations based on this 
early agriculture became an established 
way of living. This primitive agriculture 
was merely the successful domestication 
of certain basic food plants in certain 
parts of the world, followed later by the 
successful domestication of certain ani¬ 
mals. This step or these steps thus sup¬ 
plied the pioneers of civilization with the 
advantages of a permanent and depend¬ 
able food supply Thus sedentary life be¬ 
came possible, and a certain amount of 
leisure resulting from the division of 
labor enabled those individuals endowed 
with the proper mental capacity the op¬ 
portunity to devote time and thought to 
other than the previously dominant fac¬ 
tor of providing the necessary daily 
food. 

The probability is that the actual cul¬ 
tivation of plants preceded the domesti¬ 
cation of animals, for animals under 
close domestication must be provided 
with food. Possibly in some parts of the 
world man did follow his flocks and 
herds before he actually commenced till¬ 
ing the soil, but it was the actual plant¬ 
ing and care of crop plants that defin¬ 
itely removed man from the nomadic 
class and provided the basis on which 
higher civilizations could be developed. 
To become a successful agriculturist in¬ 
volved a definitely fixed abode. There 
was thus gradually developed in certain 
strategic centers an agriculture based in 
part on plants, in part on animals, de¬ 
pending on the people, the location, the 
climate and on what was available for 
domestication. 

What we call civilization is so com¬ 
plex, and the factors that have encour¬ 
aged or permitted its development are 
so diverse, that manifestly one can not 
truthfully claim that any single factor 
has been the deciding one, permitting or 
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encouraging this or that development. 
The use of implements, the application 
of fire, the use of clothing, the construc¬ 
tion of shelters, the development of 
metallurgy, the use of stone in construc¬ 
tion of buildings, the invention of writ¬ 
ing, are all important factors, each in its 
own way essential to further advances. 

If, however, there be any single factor 
that has permitted or encouraged the 
development of civilization over and 
above all others, it is probable that agri¬ 
culture should be given this credit. Just 
when agriculture was first practiced we 
do not know, but we can approximate 
the places where its development first 
became manifest. Just how the discov¬ 
eries were made that certain food plants 
could be profitably grown is immaterial 
—they were m any case unquestionably 
accidental. Agriculture is not the inven¬ 
tion of any one man or any one people, 
but numerous individuals in the dim 
past and among diverse peoples in vari¬ 
ous parts of the world have contributed 
to it, now in this direction, now in that. 
Let it be emphasized here that modern 
man has not added a single basic food 
plant or domesticated animal to the long 
list of those selected and tamed by pre¬ 
historic man, for every important species 
was already in domestication somewhere 
in the world at the dawn of recorded 
history. 

In tracing the origin of cultivated 
plants many factors are involved. Plants 
long in cultivation have by selection and 
hybridization frequently assumed strik¬ 
ingly different and reasonably fixed 
forms, as indicated by such common 
vegetables as the cabbage, kohlrabi, 
Brussels sprouts, kale and cauliflower, 
all derived from the native European 
Brassica oleracea Linn. It is therefore 
sometimes difficult to prove that this or 
that feral type is really the parent form 
of this or that cultivated plant. Were 
such distinct forms as those of the Bras - 
sica mentioned above found in nature as 


wild plants, most botanists would un¬ 
hesitatingly accept them as distinct 
species. Convincing evidence is that 
provided when we find the parent species 
growing in its native habitat and can 
positively prove that it is the wild pro¬ 
totype ; but here one must constantly be 
on guard, because cultivated plants in¬ 
troduced into remote regions even in 
modern times have frequently become 
naturalized in their new homes and from 
their present occurrence appear quite or 
almost as though they were indigenous 
species in their new homes. The wild 
ancestors of nearly all cultivated plants 
are now known and we can with con¬ 
fidence state that this species is a native 
of that region and that that species comes 
from Mexico or Asia Minor or China, as 
the case may be. Even when we do not 
actually know the wild parent of such im¬ 
portant cultivated plants as tobacco, 
maize and the common garden bean, we 
can with confidence state that they origi¬ 
nated in some part of North or South 
America, and that the coconut came origi¬ 
nally from some part of the Old World 
tropics. 

Wolff in 1932 discussed the process by 
which plants were and still are brought 
under domestication. He states: 

Among the cultivated plants there are such 
ones which have entirely lost their connection 
with the wild flora, which not only do not 
occur themselves in wild state, but for which 
it iB difficult even to ascertain the initial 
forms. To the second category belong species 
whose connection with the wild representative 
may be readily traced, but which themselves 
are not met with in wild state. Both are 
cultivated plants in the full meaning of the 
word. As already mentioned in the preceding 
chapter, they frequently have so much changed 
their biological features in cultivation that they 
have entirely lost the faculty for an independ¬ 
ent existence, without the support of man. 

Finally the third category is formed by 
plants still met with in wild state, either in the 
region of cultivation itself, or in places fre¬ 
quently not distant from it. In this case we 
have to deal with wild Bpecies, little altered 
or quite flnaltered by man, which might be 
more correctly called (t grown 1 * species, in op- 
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position to the above mentioned * * cultivated * 9 
species. 

From this category there is but one step 
to the wild species utilized by man in wild state, 
by way of gathering the plants or their prod¬ 
ucts. This is the first stage in the origination 
of cultivated plants, which for some of them 
is connected with the prosent day while for 
others it has become a remote past. 

The origin of the cultivation of any plant 
must bo thought of as a series of successive 
stages of domestication, through which the given 
plant passes. Beginning with the accidental 
acquaintance with the plant in its wild state, 
with subsequent deliberate gathering of its 
products, and finally its intentional introduc¬ 
tion into cultivation and gradual selection of the 
forms most valuable for man—such are the 
stages through which every cultivated plant has 
passed, and still passes, in its evolution. At the 
present time all these stages of the transforma¬ 
tion of a wild plant into a cultivated one may 
bo simultaneously observed. Thus we have a 
series of plants which are utilized by man 
simply by way of gathering them—it suffices 
to mention the medicinal plants, different fruits 
and berries as well as many technical plants, etc. 
We can cite a series of examples of the utiliza¬ 
tion of stands of wild-growmg plants by way of 
certain improvements, cultivation of the soil, 
application of fertilizers and the elimination of 
other species growing promiscuously with them. 
We are able not only to trace, but to observe at 
the present time the transformation of the wild 
growing weeds admixed to the crops, into culti¬ 
vated plants. 

A brief survey of the approximate 
places or origin of cultivated plants and 
of domesticated animals emphasizes the 
striking fact that most of the plants and 
animals, and all the really important 
ones, came from certain restricted areas 
in North and South America and 
Eurasia. These regions are essentially 
the highland of Mexico and contiguous 
areas in North America; of Peru, Bolivia 
and Chile in South America, and in 
Eurasia certain parts of China, northern 
India, Central Asia, Asia Minor and 
perhaps Abyssinia. 

These limited areas that supported the 
wild ancestors of our present-day culti¬ 
vated plants and domesticated animals 
form only a very small percentage of the 
land surface of the earth; all North 


America north of Mexico, most of South 
America, most of Africa, all Australia, 
and most of Europe and Asia contrib¬ 
uted nothing of importance. 

It should be noted that the centers of 
origin of agriculture and of civilization 
are in general characterized by an 
equable type of climate, without great 
extremes of heat and cold, and in gen¬ 
eral with a restricted rainfall. They are 
to be classed as subtemperate or sub¬ 
tropical, rather than as temperate or 
tropical, presenting from the standpoint 
of primitive man neither the rigors of 
the colder temperate regions nor the 
equally evident disadvantages of the 
deep tropics. 

Even more impressive is the fact that 
those centers in whch ancient civiliza¬ 
tions developed, whether in the Old 
World or m the New, are the same as 
those wherein our basic cultivated food 
plants and domesticated animals origi¬ 
nally occurred as feral species. There is 
thus a very close correlation between the 
places of origin of cultivated plants and 
domesticated animals and the places of 
origin of early civilizations. It becomes 
manifest that m each ancient center cer¬ 
tain cultivated plants formed the basis of 
the food supply on which each ancient 
civilization was based, in each case the 
basic species being supplemented by sec¬ 
ondary ones Thus in Mexico may be 
listed as basic species maize, beans and 
the sweet potato; in Peru the potato, 
maize and beans; in Central Asia, Asia 
Minor and perhaps very limited parts of 
the Mediterranean basin certain cereals, 
including rye, barley, wheat and oats; in 
India and China rice and perhaps millet 
and sorghum. In all centers the secon¬ 
dary sources included certain local fruits, 
vegetables and root crops; meats, dairy 
products, and fish must of course be 
added. 

Thus far little but general principles 
have been considered. What follows is 
largely an attempt to apply our knowl¬ 
edge of the origin of cultivated plants to 
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that very intriguing and much discussed 
problem of the origins of the pre-Colum¬ 
bian American civilizations. 

If one compares pre-Columbian Amer¬ 
ican agriculture with that of Eurasia 
with an unbiased mind, carefully weigh¬ 
ing the biological evidence, he will reach 
certain very definite conclusions regard¬ 
ing man and his activities in.America. 
It is an incontrovertible fact that agri¬ 
culture originated in America on the 
basis of strictly native American plantB 
and animals, not one of which was known 
in Eurasia until after 1492, even as not 
one of the more numerous cultivated 
plants and domesticated animals of 
Eurasian origin, except the common 
dog, was known in America until after 
the same date. The significance of this 
statement is not fully realized by various 
theoretical historians, some anthropolo¬ 
gists and numerous popular writers. It 
supports in a remarkable manner the 
belief of most conservative anthropolo¬ 
gists that man reached America from 
Asia as a primitive nomad; that once 
here he developed his civilizations de 
novo on the basis of a wholly new agri¬ 
culture that in turn was based on strictly 
native American plants and animals. 

DeCandolle’s conclusions on the origins 
of cultivated plants as expressed by him 
in 1883 are essentially correct. In the 
case of a few individual species his find¬ 
ings have been challenged, but in no im¬ 
portant one has he been shown to be in 
error. In reference to the bearing of 
cultivated plants on Eurasian-American 
civilizations he merely states: “Dans 
l’histoire des vegetaux cultives je n’ai 
apergu aucun indice de communications 
entre les peuples de l’ancien et du 
nouveau monde avant la decourverte de 
l’AmSrique par Colomb.” The facts 
were so manifest that further discussion 
of the matter Beemed to be necessary. 

The same idea was expressed by Cook 
in 1925 in the following words: “That 


the agriculture of the native peoples of 
the North and South America was not 
introduced from the Old World but had 
an independent indigenous development, 
is demonstrated by the fact that Amer¬ 
ican agriculture was based on native 
American plants." 

In 1931, Vavilov thus states the case: 
“Agriculture in pre-Columbian Amer¬ 
ica has originated quite independently 
of the Old World. If the peoples of the 
New World have come from Asia, as is 
supposed by the majority of investiga¬ 
tors, they have certainly come without 
the cultivated plants of Asia. The intro¬ 
duction of the wild plants into cultiva¬ 
tion was a perfectly independent process 
in the New World.” 

These conclusions will not be accept¬ 
able to certain representatives of that 
school of anthropologists known as the 
diffusionist. They maintain the hy¬ 
pothesis that culture originated in one 
place and that by direct or indirect con¬ 
tacts it was spread over the world. The 
extremist apparently does not admit the 
possibility that an art or a striking ad¬ 
vance in culture could possibly originate 
independently in different parts of the 
world. Yet this problem of American 
versus Eurasian agriculture supplies in¬ 
controvertible evidence that this art or 
science, an activity absolutely basic to 
civilization, did originate in America in¬ 
dependently of Eurasian contacts; and 
if such a complex science or art as agri¬ 
culture has thus been independently 
developed in remote centers, then why 
should we not accept the idea in refer¬ 
ence to architecture, sculpture, hiero¬ 
glyphics and other arts of civilization t 
It must be remembered 1 that, relatively 
speaking, agriculture was just as highly 
developed in pre-Columbian America as 
it was in Eurasia, involving not only the 
selection and domestication of plants and 
animals, but also the art of plant breed¬ 
ing, the adaption of plants to varying 
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climatic conditions, the nse of fertilizers, 
construction of extensive terraces and 
the application of the art of irrigation. 

There is even the possibility that agri¬ 
culture may actually be older in Amer¬ 
ica than it is in Eurasia, a point that can 
not be definitely settled. Supporting 
this idea is the fact that for the Eurasian 
cultivated plants the actual wild proto¬ 
type of each is known with reasonable 
certainty; yet in America, the wild 
forms of such important plants as to¬ 
bacco, maize, the garden bean and sev¬ 
eral other species are not with certainty 
known. As expressed by Cook: “The 
much closer resemblances between the 
domesticated and wild forms in the Old 
World as compared to those of America, 
suggest that domestication has taken 
place in the Old World more recently 
than in America; and that the biological 
factors indicate a greater antiquity of 
agriculture in America than in the Old 
World.” 

If man reached America over a north¬ 
ern route, as he unquestionably did, he 
came as a primitive nomad dependent 
on hunting and fishing. Even if he had 
any knowledge of agriculture in Asia 
he would have entirely lost that knowl¬ 
edge in the many generations involved 
in his occupancy of the New World. He 
brought no crop plants with him from 
Asia because the climatic conditions in 
the northern part of his route of migra¬ 
tion are inimical to agriculture. As a 
matter of fact, man probably left Asia 
on his American adventure before the 
development of agriculture in that part 
of Asia whence he came or with which 
he was familiar. As he advanced south¬ 
ward in America, he eventually came in 
contact with native food plants, and in 
the course of time, unquestionably in¬ 
volving many generations, he selected 
and adapted certain species to cultiva¬ 
tion ; but nothing even approaching agri¬ 
culture was attempted before he reached 
the native homes of the plants he later 


learned to utilize; and this means Mex¬ 
ico, for no important cultivated plant of 
the pre-Columbian American agricultur¬ 
ists was originally native of that part of 
North America north of Mexico. 

A striking fact in support of the gen¬ 
eral thesis that man entered North 
America as a primitive nomad, bringing 
no agriculture with him, is that among 
the domesticated animals the only one 
common to the two hemispheres in pre- 
Columbian times was the common dog, 
and the dog would naturally be the one 
animal that a primitive nomadic hunter 
would bring with him in his migrations. 
We have already seen that no cultivated 
plants and no other domesticated animals 
were common to the two hemispheres until 
after the close of the fifteenth century. 

It was perhaps but natural that the 
early European explorers of North and 
South America should attempt to ex¬ 
plain what they found here on the basis 
of assumed ancient contacts between the 
peoples of the Old and the New World. 
Yet as early as 1670 Ogilby had clearly 
demonstrated that these assumptions 
were illogical, and even at that early 
date had concluded that man had 
reached America from Asia over a north¬ 
ern route. This was merely a logical 
deduction based on such data as were 
then available to him, in refutation of the 
fanciful ideas of preceding observers that 
the early American civilizations must have 
been derived from Eurasia. As a matter 
of fact, outside of those efforts of purely 
imaginative writers to derive early 
American cultures from hypothetical 
lost lands such as Atlantis and Mu, the 
ancient Egyptians, Phoenicians, Cartha¬ 
ginians, Mesopotamians, Greeks, Latins, 
Welsh, Irish and even the “lost tribes of 
Israel,” have been invoked, as well as, 
peoples of India, China and Japan, to 
explain pre-Columbian American civili¬ 
zations. 

As noted by Cook, historians and 
others (among whom I would class some 
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anthropologists and ethnologists, partic¬ 
ularly the diffusionists, and a much 
larger number of popular writers) who 
do not have a biological background may 
and often do fail to consider some of the 
most significant factors in locating 
centers of primitive culture. He em¬ 
phasizes the fact, patent to all biologists, 
that the Mediterranean basin was not 
the site of an indigenous development 
of agriculture, because the most import¬ 
ant crops on which the Mediterranean 
cultures were based were exotics, having 
been introduced in the prehistoric and 
historic periods from other regions. 

Thus, to refute the claims of those 
diffusionists who claim that agriculture 
and civilization originated and devel¬ 
oped in the Nile Valley, it is only neces¬ 
sary to indicate that not a single crop 
plant cultivated by the ancient Egyp¬ 
tians was native of the region; and the 
same statement is true for that other 
great center of development of early 
civilizations in southwestern Asia, the 
great Mesopotamian valley. Agricul¬ 
ture must have been a highly developed 
art somewhere in southeastern Asia, out¬ 
side of the great valleys, long before 
man could adapt his agricultural knowl¬ 
edge to the different conditions existing 
in the great valleys of the Tigris, the 
Euphrates and the Nile. The “children 
of the 8un, ,, the hypothetical highly 
cultured pioneers of civilization of cer¬ 
tain diffusionists in the Nile Valley, who 
there developed their civilization and 
thence extended it to the ends of the 
earth, are of interest merely in the sense 
of highly imaginative fiction. They have 
no more definite claim for acceptance 
than do the progeny of other imagina¬ 
tive minds that postulate an ancient 
Atlantis or an ancient Mu as the place of 
origin of ancient high cultures from 
which the civilizations of both Eurasia 
and America were derived. 

The supporters of a hypothetical 
ancient Atlantis and the equally ardent 


but fewer supporters of the even more 
nebulous Mu should be mentioned in 
passing. The one postulates an ancient 
continent or island group long since sunk 
beneath the sea in what is now the At¬ 
lantic Ocean, and the other places 
ancient Mu in the Pacific basin. The 
supporters of both Atlantis and Mu ex¬ 
plain all resemblances and pseudo-re- 
semblances between the civilizations of 
the New World and that of the Old, 
whether in architecture, sculpture, art, 
or hieroglyphics, or in civil, ecclesiastical, 
or political organization, on the assump¬ 
tion of ancient contacts across these lost 
lands. They attribute, with no tangible 
evidence, a high order of civilization to 
the hypothetical peoples of these equally 
hypothetical areas. The extremists vis¬ 
ualize the Atlanteans as the parent- 
colonizers of both the Mediterranean and 
Caribbean shores. That there are no 
indications of philological relationships 
between the languages of the peoples of 
these widely separated regions does not 
deter them in the least, and the simple 
biological fact that there were in pre- 
Columbian times no cultivated plants 
nor domesticated animals common to the 
two regions is not mentioned. The theory 
that Atlantis existed, and that its in¬ 
habitants were highly civilized, would 
entail a highly developed agriculture; 
but it would be a strange and utterly un¬ 
explainable phenomenon that this as¬ 
sumed parent-colonizing people to the 
two hemispheres transmitted to their sup¬ 
posed descendants in Europe and Amer¬ 
ica not a single cultivated plant nor a 
single domesticated animal in common; 
just as strange and inexplicable as an as¬ 
sumption that this ancient highly civi¬ 
lized people had developed no agricul¬ 
ture. 

Ogilby’s conclusions regarding the 
non-existence of Atlantis as stated in his 
quaint language of 1670 are entirely 
logical, bu£ have had little effect on the 
numerous imaginative writers who have 
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argued in favor of Atlantis; they in gen¬ 
eral cite only those factors that support 
a pre-conceived hypothesis, ignoring all 
items that would cast doubt on the valid¬ 
ity of their claims. He states: 

Here it will not seem amiss ... to engage 
and search with some scrutiny concerning this 
America; First, whether at any time 'twas known 
by the Ancients? And next, by what People, and 
when first Inhabited? About the former, the 
Learned of these later times Jangle amongst 
themselves, for some of them will needs ascribe 
so much Honor to Antiquity, declining the 
Worthy Praise of those that made so wonderful 
a Discovery, as if they of old, and many Ages 
before, had done the same, or at least, that this 
New-World to them was not unknown, main¬ 
taining this their bold Assertion from the 
Authority of what they find, both in Ancient 
Greek, and Latin Authors: First, especially in 
the Learned Plato , who, as you know at large, 
describes a New Atlantis, lying beyond the 
Straights of Gibraltar , whose Coast is sur¬ 
rounded with two vast Seas that are Bow’d 
thick with scatter ’d Islands. By these Seas 
they understand the Atlantick and Southern- 
Sea, by the many Isles, Cuba , Hispaniola, Ja¬ 
maica, California, and others, which lie sprinkled 
along the coast of America . But it cannot be 
made out, that Plato describes ought but a 
Fancy, his own Idea, not a Countrey that over 
was, is, or shall be, though he sets it forth so 
Accurately, and with such Judgment, as if he 
had taken a Survey of the place, and found 
such a Land indeed. 

He therefore dismisses the Atlantis 
theory and then proceeds to discuss the 
ideas advocated by earlier authors ap¬ 
pertaining to assumed Phoenician, Car¬ 
thaginian, Greek, Latin, Hebrew, Welsh 
and Chinese contacts with America in 
ancient times. He shows conclusively 
that on the basis of philology, customs 
and other factors such theories are un¬ 
tenable, as being largely imaginary, with 
no tangible evidence to support them. 
He reaches the logical conclusion that 
America was originally peopled from 
northeastern Asia. 

It is a manifest act that all cultivated 
plants and all domesticated animals were 
derived, at some period in the history of 
the human race, from feral forms. It is 
a striking but incontrovertible fact that 


every basic cultivated food plant and 
every important domesticated animal, 
and practically all the secondary ones in 
both categories, were already domesti¬ 
cated somewhere in the world, at the 
dawn of recorded history. This merely 
means that these plants and animals 
were selected and domesticated by primi¬ 
tive man many centuries before he devel¬ 
oped to the point of recording his activ¬ 
ities. 

While modern man has vastly im¬ 
proved both his cultivated plants and his 
domesticated animals and has evolved 
numerous new forms by selection and 
hybridization, he has not added a single 
item to the long list of basic species 
selected by his prehistoric ancestors, and 
but very few to the list of secondary 
species. Those plants that have been 
domesticated in the past hundred years 
or so are chiefly those yielding commer¬ 
cial products other than food, such as 
ceara or para rubber, cinchona and 
abaca, numerous ornamentals, and if food 
plants, then those of very secondary im¬ 
portance, such as the strawberry, blue¬ 
berry, Concord and Catawba grapes. 
We may speculate as to whether or 
not it may be possible to develop 
important food sources from plants as 
yet never brought under cultivation, and 
while it may be admitted that such a 
development is possible, at the same time 
the probabilities are that the selections 
made in the dim past of man’s history 
can not be improved upon. 

Plants domesticated by primitive man 
naturally must have been developed in 
cultivation in the regions where they 
originally occurred as feral species. And 
it is well to emphasize, what all biologists 
know, that the vast majority of species 
of both plants and animals are of dis¬ 
tinctly restricted natural distribution. 
In nature we find very few cases of uni¬ 
versally distributed species, that is, those 
occurring naturally in both hemispheres 
and in both tropical and temperate 
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regions. The cultivated plants and the 
weeds of cultivation form the bulk of 
these, and they are all man-distributed. 

As conditions became more settled and 
as certain species of plants and animals 
were proved in domestication, both the 
plants and animals, and the art of car¬ 
ing for them, or agriculture, were trans¬ 
mitted from those who developed the art 
to their immediate neighbors. Thus 
gradually the art of agriculture spread 
from one people to another, enabling the 
recipients in turn to become more or less 
independent of the natural food supply 
and in turn to develop their own civili¬ 
zations. In North America, for example, 
cultivated plants originating far to the 
south in Mexico, such as maize, field and 
garden beans, pumpkin, squash, sweet 
potato, tobacco and others, were found 
by the early European explorers to be 
more or less universally cultivated by the 
American Indians through the northern 
United States and in southern Canada. 
The plants selected and domesticated by 
the pioneers of American civilizations 
in Mexico, and the art of caring for them, 
had, long before the time of Columbus, 
been transmitted from one primitive 
group to another until they had reached 
the limits of possible cultivation north¬ 
ward. In spite of the very greatly de¬ 
veloped modern agriculture in what is 
now the United States and Canada, prac¬ 
tically not a single species of the many 
scores in cultivation is native to these 
regions, all having been introduced 
either in prehistoric or within historic 
times. 

What was true of the early dissemina¬ 
tion of selected cultivated plants and 
domesticated animals in America was 
also true in Eurasia. Basic cereals orig¬ 
inating in Asia Minor or in Central 
Asia, such as wheat, barley, rye, oats, 
and less important ones, such as millet, 
Italian millet and sorghum, as well as 
other cultivated food plants, were spread 
over much of Europe, Asia and Africa 
long antedating recorded history. 


Throughout the long prehistoric per¬ 
iod of dissemination of cultivated plants 
and domesticated animals, and within 
the historic period up to the close of the 
fifteenth century, one is impressed by 
the fact that with one exception the 
selected plants and animals domesticated 
by early man, whether in Eurasia or in 
America, did not transcend the limits 
of the eastern or the western hemis¬ 
pheres. 

The number of described species of 
plants is probably in excess of 250,000. 
Most of these are of no particular 
economic value. The number of culti¬ 
vated agricultural plants, even including 
strictly forage plants, is relatively small, 
a few hundred at most, while what might 
be called the food plants basic to civili¬ 
zation are limited to a few score. 

A brief consideration of the strictly 
American species of cultivated plants 
will give us some graphic idea of the im¬ 
portant contributions of early man in 
America to modern agriculture. It 
should be kept in mind that in the fol¬ 
lowing long and rather impressive list 
not a single species was known in Europe 
or in Asia until the close of the fifteenth 
century. America produced but one 
cereal, but that one the most important 
maize or Indian com. Other important 
food plants were the potato, sweet 
potato, cassava, all varieties of field and 
garden beans, as well as the lima, scarlet 
runner, tepari and yam beans, tomato, 
pepper, sunflower, Jerusalem artichoke, 
squash, pumpkin, arrowroot, peanut, 
chayote, papaya, avocado, pineapple, cus¬ 
tard apple, soursop, cherimoya, guava, 
cacao, cashew, sapote, white sapote, sapo- 
dilla, star apple and mamei. These are 
now widely cultivated in appropriate 
regions in both hemispheres, some being 
strictly tropical, others also extensively 
planted in temperate regions. Particu¬ 
larly in South America, a number of other 
native species were and are still grown for 
food, but which have not become of im¬ 
portance in other regions. They include 
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the ulluco ( VUucus ), oca ( Ovalis ), anyu 
(Tropaeolum) , yautia ( Xanthosoma ), 
llacou (Polymnta), arracacha (Arra- 
cacia ), achira (Canna), jataco (Ama- 
ranthus) andquinoa ( Chenopodmm ). In 
Peru alone it is estimated that about 70 
native species had been domesticated in 
pre-Columbian times, although some of 
these were not food plants, including 
cotton, tobacco and various ornamental 
and medicinal species. Yet there is 
much evidence that leads one to believe 
that Mexico and Central America are 
more important as an original source of 
food plants than are the South Amer¬ 
ican centers. 

American contributions to domesti¬ 
cated animals were comparatively few, 
the llama, alpaca, muscovy duck and 
guinea pig in South America, and in 
Mexico the turkey, exhausting the list. 

Eurasia, particularly Asia as con¬ 
trasted with America, yielded a very much 
larger number of cultivated food plants 
and domesticated animals. Among the 
latter may be mentioned cattle, the 
horse, sheep, goat, swine, water buffalo, 
yak, camel, goose, duck, hen, guinea hen 
and pigeon. With the exception of 
maize all the true cereals are of Eurasian 
origin, including wheat, barley, rye, oats, 
millet, Italian millet, pearl millet, 
sorghum, rice, teff, ragi and coix, while 
for convenience buckwheat may be 
placed here, although it is not a true 
cereal. Among the vegetables are the 
turnip, cabbage, rutabaga, rape, chard, 
mustard, radish* beet, parsnip, carrot, 
onion, leek, garlic, shallot, spinach, egg¬ 
plant, lettuce, endive, salsify, celery, 
asparagus, globe artichoke, pea, soy¬ 
bean, cow-pea, chick-pea, pigeon-pea, 
lentil, broad, hyacinth and asparagus 
beans, taro, yam, sugar cane, sesamum 
and various others. Among the fruits 
the apple, pear, plum, cherry, wine 
grape, apricot, peach, prune, olive, fig, 
almond, persimmon, quince, pomegran¬ 
ate, jujube, melon, watermelon, cucum¬ 


ber, and in the warmer regions the 
banana, coconut, orange, lemon, pomelo, 
lime, date, mango, breadfruit, jak 
fruit, rambutan, litchi, longan, mangos- 
teen and various others. Practically all 
the cultivated forage crops, including- 
the hay grasses, clovers and alfalfa, are 
also of Eurasian origin. 

In modern times, with steadily im¬ 
proving intercommunication between 
various parts of the world, man has be¬ 
come the most important single factor 
in the actual dissemination of plants. 
It can not, however, be too greatly over¬ 
emphasized that it was not until after the 
discovery of America in 1492 and the 
succeeding period of European colonial 
expansion that there was any important 
distribution of cultivated plants as be¬ 
tween Eurasia and America and vice 
versa. This fact has a very striking 
bearing on certain persistent claims that 
are made over and over again regarding 
the origins of pre-Columbian civiliza¬ 
tions in America, and may be accepted as 
reasonably good evidence that no ancient 
contacts between the two continents 
existed. The early dissemination of culti¬ 
vated plants within the limits of the 
eastern or of the western hemisphere is in 
itself an excellent illustration of dif¬ 
fusion, but a diffusion limited by bar¬ 
riers in the form of broad seas that early 
civilized man could not pass. Pioneer ad¬ 
vanced civilizations, whether in Eurasia 
or in America, failed to keep pace with 
the spread of early agriculture even with¬ 
in the limits of the one hemisphere or the 
other. The botanical, zoological and 
agricultural evidence is wholly in sup¬ 
port of the idea that pre-Columbian 
civilizations in America were autoch¬ 
thonous, gradually developed here over 
a period of many centuries, quite as 
parallel early civilizations were devel¬ 
oped in Eurasia, the one having no influ¬ 
ence on the other until after the period 
of European expansion following the 
Middle Ages. 
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‘ 1 Culture as a determinant of human 
behavior.” I read this title as-an in¬ 
junction to prove that there exists a sci¬ 
ence of human behavior, which is the sci¬ 
ence of culture. Culture, in fact, is noth¬ 
ing but the organized behavior of man. 
Man differs from the animals in that he 
has to rely on an artificially fashioned 
environment: on implements, weapons, 
dwellings and man-made means of trans¬ 
port. To produce and to manage this 
body of artifacts and commodities, he re¬ 
quires knowledge and technique. He de¬ 
pends on the help of his fellow beings. 
This means that he has to live in organ¬ 
ized, well-ordered communities. Of all 
the animals he alone merits the tripartite 
title of homo faber, zoon pohttkon, homo 
sapiens. 

All this artificial equipment of man, 
material, spiritual and social, we call 
technically culture. It is a large-scale 
moulding matrix; a gigantic condition¬ 
ing apparatus. In each generation it 
produces its type of individual. In each 
generation it is in turn reshaped by its 
carriers. 

Is this big entity itself subject to laws 
of a scientific character? I for one have 
no hesitation in answering this question 
in the affirmative. Culture is a determi¬ 
nant of human behavior, and culture as 
a dynamic reality is also subject to deter¬ 
minism. There exist scientific laws of 
culture. 

The possibility of a really scientific ap¬ 
proach to humanism and anthropology is 
still contested. It is not superfluous, 
therefore, to reaffirm the existence of 
determinism in the study of human cul¬ 
ture. 

In my opinion the principal ailment of 


all humanism is the disjunction of em¬ 
pirical approach from theory, of methods 
of observation from speculative doctrine. 
It will be best, therefore, first to turn to 
the testimony of cultural fact itself. It 
is easiest to grasp the essence of a phe¬ 
nomenon in contemplating its manifesta¬ 
tions through a wide range of variation. 
Let us then make a rapid flight over the 
globe and obtain bird Wye views of some 
highly divergent types of human culture 

Let us descend first on the arid and 
dusty steppes of Central East Africa, in¬ 
habited by the Masai, the famous, fierce 
warriors of the region. On approaching 
the native encampment we are met by a 
group of men, tall, dignified, armed with 
iron spears and daggers. Their women, 
svelte and elegant, startle the new-comer 
with the glitter and rattle of the wrought- 
iron ornaments encircling their necks, 
wrists and ankles. Both sexes still wear 
the native robes of soft goat- or sheep¬ 
skin. Not a shred of calico, no European 
trinkets mars the archaic vision of men 
and women of Africa as they lead us into 
the ring of low, brown huts, made of 
thatch, plastered with cow dung and en* 
closed with a stout fence of prickly 
shrub. 

Conservative in his material culture, 
the Masai still clings also to his old tribal 
ways. He still remains at heart a gentle¬ 
man robber, herdsman, cattle-lifter and 
warrior. When, after years of drought, 
starvation threatens them among their 
pestilence-stricken herds, how can they 
help using force in which they have been 
trained through generations, against 
their fat and flabby neighbors grown 
weak in their wealth and security ? 
Their whole social organization—age- 
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grades and military drill, mutilations 
and tests of endurance—are tuned up to 
the development of war-like virtues. 
The Masai warrior, that is, every man 
between puberty and marriage, lives in 
a special camp, devoting all his time to 
the aristocratic arts of doing nothing and 
preparing for war. He is governed by a 
democratic regime in which an elected 
captain administers law and leads the 
men into battle. 

Agriculture they despise, vegetables 
being food fit only for women As a 
Masai warrior put it to me in a con¬ 
vincing argument: “The Earth is our 
Mother. She gives us all the milk we 
need, and feeds our cattle. It is wrong 
to cut or scratch her body,” a confirma¬ 
tion of the psycho-analysist's conception 
of Mother Earth, by one who had not 
studied the works of Professor Freud 
yet! 

As to sex morals, they leave entire 
freedom to immature girls, who consort 
with the warriors in their camp At 
puberty every woman has to undergo a 
drastic* operation, clitoridectomy, which 
constitutes their marriage rite. 

The whole tribe owe allegiance to the 
OVloibon , the hereditary rain magician 
and prophet. He controls them through 
his gift of divination and his power of 
producing magical fertility of land and 
women. 

How can we press this strange, exotic 
material, as rich and varied and elusive 
as life itself, into a scientific scheme? 
The temptation to stop at artistic im¬ 
pressionism is great. We might well feel 
that it would be best to paint the war¬ 
like Masai in exaggerated colors in order 
to bring out the martial, boisterous, 
licentious “genius” of this culture. 

Indeed this type of procedure is the 
latest fashion in anthropology. Since, 
however, we are in search of a scientific, 
that is, deterministic approach, let us in¬ 
quire into what are the main interests of 
the natives, the pivotal points of their 


tribal life. We see at once that their in¬ 
terests center around food, sex, defense 
and aggression. Divination and proph¬ 
ecy, and their political influence, are re¬ 
lated to their military adventures and 
the vicissitudes of climate. The age- 
grades are an occupational organization 
correlated with their military life; they 
form an educational system in which 
tribal knowledge is imparted, discipline 
and endurance inculcated. 

Thus culture, as we find it among the 
Masai, is an apparatus for the satisfac¬ 
tion of the elementary needs of the hu¬ 
man organism But under conditions of 
culture these needs are satisfied by 
round-about methods. The Masai can 
not turn to nature directly in order to 
nourish himself. In the long develop¬ 
ment of his tribal culture, the institution 
of pastoralism has come into being. The 
tending, breeding, exchange and owner¬ 
ship of cattle, incidentally also the need 
of its defense and protection, impose de¬ 
rived or secondary imperatives on the 
life of the Masai. The cattle kraal, mili¬ 
tary camps, seasonal migrations and fer¬ 
tility magic are the outcome and corre¬ 
lates of pastoralism. 

The continuity of the race equally does 
not work by physiological determination 
alone. Sexual appetite and personal at¬ 
traction, the urge to mate and the desire 
for children are reformulated culturally. 
Each phase of the biological process— 
maturation, puberty, courtship, marriage 
and parenthood—is correlated with the 
mode of life and the arrangements of 
domesticity and bachelors 9 camp; and 
the whole is safeguarded by the military 
organization. The vast phenomenon of 
kinship, including the family, marriage, 
clanship and the laws of descent, is the 
cultural counterpart of the physiological 
process of reproduction. 

Let us see what the conditions are in a 
neighboring tribe. Not far from the 
Masai steppes, on the slopes of the Kili¬ 
manjaro, the highest mountain in Africa, 
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live the Chagga, an agricultural, seden¬ 
tary people. The Chagga, though he 
also keeps and appreciates cattle, is 
mainly a tiller of the soil. Yams and 
pumpkins, peas and millet thrive well on 
the fertile green fields of the Kilimanjaro. 
The staple food, however, is the banana. 
As the Masai culture has been labelled 
4 * cattle-complex,* ’ so the Chagga "culture 
could certainly be defined as a banana 
obsession. The Chagga lives on bananas; 
he lives among bananas—every home¬ 
stead must be surrounded by its banana 
grove—and when he is dead he is buried 
amid bananas. 

In contrast to the nomadic Masai, the 
Chagga have a highly developed body of 
land laws. Their large-scale system of 
irrigation is a feat of engineering un¬ 
paralleled anywhere in native Africa 
south of the Sahara. Again, unlike the 
democratic Masai, the Chagga have a 
well-developed chieftainship. In each 
district the chief is the supreme judge, 
the source of law, the military leader and 
the high priest of tribal ancestor-worship. 
The centralized power of the Chagga, 
however, is not based on aggressive mili¬ 
tarism. They have a highly developed 
system of defense, with extensive, well- 
guarded earthworks along the frontiers 
and enormous subterranean chambers 
where men, women and cattle were able 
to take refuge during a Masai raid. 

The Chagga differ from their neigh¬ 
bors, the Masai: they practice agricul¬ 
ture; live in fixed settlements; have a 
developed system of land tenure; and 
their religion consists mainly in ancestor- 
worship. They also resemble the Masai 
in that they practice female circum¬ 
cision; they have developed age-grades, 
and they believe in magic by divination. 
What is the best way of establishing a 
common measure for the scientific com¬ 
parison of differences and also of simi¬ 
larities T 

Clearly, again, we must compare their 
institutions, that is, the organized sys¬ 
tems of activities, each correlated with a 


fundamental need. In both tribes we 
find that to nutrition there corresponds 
the economic system; dominated among 
the Chagga by agriculture, among the 
Masai by cattle-breeding. In both cul¬ 
tures we should have to analyze the eco¬ 
nomic system by means of such univer¬ 
sally valid concepts as the organization 
of production, the methods of distribu¬ 
tion and the manner in which consump¬ 
tion integrates certain groups of people. 
Among both we would have to consider 
the physiological processes of reproduc¬ 
tion as it is organized into the domestic 
institutions. The physiological growth 
of the individual is in both cases insti¬ 
tutionalized into the system of age- 
grades. Political organization comes 
into being in the satisfaction of the need 
for safety, in the case of the Chagga; 
in the case of the Masai the military or¬ 
ganization and the political system are 
the outcome of a periodic need for preda¬ 
tory economics. In both tribes there are, 
again, corresponding organizations for 
the maintenance of internal law and 
order. The political system, in its mili¬ 
tary and legal aspect alike, imposes its 
own discipline, morale, ideals and eco¬ 
nomic requirements. 

The transmission of the cultural heri¬ 
tage from one generation to another 
brings into being the two educational 
systems of the Chagga and Masai. In 
both tribes the earlier stages of training 
are bound up with domestic life; while 
later on the initiations into age-grades 
carries on the education in tribal custom 
and morality. 

From the comparison of the two cul¬ 
tures we reach one of our pivotal gen¬ 
eralizations. Every culture must be ana¬ 
lyzed into the following aspects: eco¬ 
nomics, politics, the mechanism of law 
and custom, education, magic and re¬ 
ligion, recreation, traditional knowledge, 
technology and art. And all human cul¬ 
tures can 4 be compared under the head¬ 
ings of this scheme. 

Far from the chaotic, indeterministic 
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defeatism which overwhelms the ama¬ 
teur, and apparently even some profes¬ 
sional anthropologists, this approach 
gives us a solid scientific foundation. 

Incidentally, we also arrive at another 
conclusion. Anthropology, the science 
of culture, must study the same subjects 
as those which confront the student of 
contemporary civilization or of any other 
period in human history. It must ap¬ 
proach primitive culture from the angle 
of politics and economics, theory of re¬ 
ligion and jurisprudence. And here an¬ 
thropology may claim a special position 
among the other sciences of human so¬ 
ciety and culture. 

Its range is the widest; it relies en¬ 
tirely on direct observation, for its 
sources are in the student’s own field 
It is perhaps the only social science 
which can easily remain detached from 
political bias, nationalist prejudice, sen¬ 
timent or doctrinaire zeal. If this social 
science fails to develop an entirely dis¬ 
passionate study of its material, there is 
not much hope for the other branches of 
humanism. Hence, in vindicating the 
scientific character of anthropology we 
are working at the very foundations of 
social science. Anthropology has the 
privilege and the duty of acting as an 
organizing agency in the comparative 
study of cultures. 

In order to appreciate the influence of 
environment upon culture, let us leave 
tropical Africa and move into the desert 
of snow, ice and rock inhabited by the 
Esquimaux. Their winter house, made 
of stone or of snow, has been described 
as a marvel of engineering, a perfect 
adaptation to climate and to the avail¬ 
able material. It certainly is an example 
of thorough-going correlation between a 
material object and the necessities of life. 
Combining warmth, space and ventila¬ 
tion, it provides during the long winter 
night comfortable places in which to lie 
and listen to the long tales of folk-lore, 
or carry on technical activities. The 


technological excellence of these natives 
is also shown in the construction of their 
sledges and their weapons, of their 
canoes and of their traps. 

In comparison with this, some aspects 
of their culture seem under-developed. 
The Esquimaux have been described as 
devoid of any political system or of legal 
institutions. They have been often ac¬ 
cused of extreme pacifism in that they do 
not slaughter each other in organized 
fighting. Yet this is perhaps not quite 
correct. For though they have no polit¬ 
ical chieftainship, they recognize the 
authority of the shaman. He also acts 
in a roundabout way as an important 
juridical agency. They have their code 
of law consisting of many taboos, the 
breach of which brings down evil not 
only on the wrong-doer but on the whole 
community. Tribal calamity can be 
averted only by public confession. 
After that the shaman can magically 
reestablish tribal prosperity. Thus, as 
the Masai have anticipated psycho¬ 
analysis, so the Esquimaux are the fore¬ 
runners of the Oxford group movement. 

On the other hand, towards sex they 
have the same attitude as the Masai. 
They have also a somewhat similar type 
of political system, always with the ex¬ 
ception that the one is extremely war¬ 
like, and the other has never heard of 
fighting. 

Our approach to a scientific study of 
culture, through the various aspects 
which correspond to the fundamental 
and derived needs of man, does not 
break down even here: when we apply 
it to such a one-sided, in many ways 
stunted, and in other ways hypertro¬ 
phied, culture as that of the Esqui¬ 
maux. For the Esquimaux eat and re¬ 
produce, maintain themselves secure 
against weather and animals, have de¬ 
veloped means of movement in space, 
and they also regulate the bodily de¬ 
velopment of the individual. Their cul¬ 
ture consists, like all others, of the 
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cardinal aspects—economics, education, 
law, politics, magic and religion, knowl¬ 
edge, crafts, art and also recreation. 

What about warf Some divisions of 
the Esquimaux have a minimum of 
military organization. Others are com¬ 
pletely ignorant of fighting Since the 
polar and central Esquimaux have no 
neighbors, nor yet any cause for internal 
quarrels and dissensions, they can not 
have military institutions This fact 
confirms our conception of the instru¬ 
mental nature of organized activities. 
Where, as in their westernmost offshoots, 
the Esquimaux are in contact with war¬ 
like Indian tribes, they have developed 
the organization, the virtues and the 
apparatus of war 

In the study of war, as of any other 
aspect of culture, the strict application 
of scientific determinism is necessary. 
This is achieved by clear definitions, 
empirical concepts and inductive gen¬ 
eralization. All the wrangles as to the 
innate pacifism or aggressiveness of 
primitive man are based on the use of 
words without definition. To label all 
brawling, squabbling, dealing out of 
black eye or broken jaw, war , as is fre¬ 
quently done, leads simply to confusion. 
One author tells us then that primitive 
man is a natural pacifist Another has 
recently described war as indispensable 
for the survival of the fittest. Yet an¬ 
other maintains that war is the main 
creative, beneficent and constructive fac¬ 
tor in the history of mankind. But war 
can only be defined as the use of organ¬ 
ized force between two politically inde¬ 
pendent units, in the pursuit of a tribal 
policy. War in this sense enters fairly 
late into the development of human 
societies. 

Only with the formation of indepen¬ 
dent, political units, where military 
force is maintained as a means of tribal 
policy, does war contribute through the 
historical fact of conquest to the build¬ 
ing up of cultures and the establishment 


of states. In my opinion, we have just 
left this stage of human history behind, 
and modern warfare has become nothing 
but an unmitigated disease of civiliza¬ 
tion. 

I have made this brief digression on 
warfare because it illustrates one side of 
the scientific or functional method in 
cultural analysis. This method is often 
accused of over-emphasizing the perfect 
integration of all factors within the 
working whole of culture. This is a mis¬ 
apprehension. The functional method 
only insists on the fact that all the ele¬ 
ments of culture are related to each 
other; they are not idle survivals or dis¬ 
connected traits; they function, that is, 
they are at work It does not pronounce 
any appreciation or moral comment as 
to whether this work is good or evil, well 
or badly adjusted. As m the case of 
some primitive types of warfare, and 
certainly of its most recent develop¬ 
ments, the instrumental analysis of cul¬ 
ture reveals more cogently than dissec¬ 
tion into traits the occurrence of catas¬ 
trophic maladjustments of human so¬ 
ciety. 

To make clear the necessity of an 
organic and integral treatment of human 
life let us consider another example. 
Let us concentrate for a moment on an 
important object —the object of objects, 
in a way, the material embodiment of 
the premier institution of mankind, the 
family. We shall choose our example 
from yet another ethnographic area and 
contemplate a pile dwelling in Melanesia. 

In sharp contrast to the arid steppes of 
Central Africa and the Arctic desert of 
snow, we are surrounded here by a 
wilderness of water, coral reef and 
swamp. The main symptom of man’s 
adaptation to his surroundings is a re¬ 
markable achievement of primitive ar¬ 
chitecture, the house on piles. It stands 
firmly on its foundations of stout tree- 
trunks driven deep into the muddy bot¬ 
tom of the lagoon. Constructed of 
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strong material cunningly fitted and 
lashed together, it resists the combined 
attacks of wind, waves and weather. 

To the lagoon dweller such a house is 
a fortress where he can take refuge and 
which he can defend. It is a watch-tower 
from which he can see the approach of 
suspicious strangers It is also conve¬ 
niently near to the coast, which he fre¬ 
quently has to visit in order to tend his 
gardens. The structure of the house is 
thus determined by the inter-tribal rela¬ 
tions of the people, their economic pur¬ 
suits, by climate and environment. 

It can thus be studied only within its 
natural setting. But after man has in¬ 
vented, constructed and improved his 
dwelling, and made it into a fortress, an 
economic asset and a comfortable home, 
the house then dominates his whole mode 
of life The outer shell of his domes¬ 
ticity influences the social structure of 
family and kinship. 

Since in my opinion anthropology 
should begin at home, let me give you 
an anthropological impression of modern 
culture and recount a personal experi¬ 
ence in which I very poignantly became 
aware of the power of things over man. 

No experience in my exotic wander¬ 
ings among the Trobrianders and the 
Chagga, among the Masai and the Pueblo, 
has ever matched the shock I received 
in my first contact with American civili¬ 
zation, on my first visit to New York, 
when 1 arrived there ten years ago on a 
fine spring evening and saw the city in 
its strangeness and exotic beauty. The 
enormous yet elegant monsters blinking 
at me through their thousand starry eyes, 
breathing white steam, giants which 
crowded in phantastic clusters over the 
smooth waters of the river, stood before 
me—the living, dominating realities of 
this new culture. During my first few 
days in New York, I could not shake off 
the feeling that the strange “genius” 
of this most modem civilization had be¬ 
come incarnate in the skyscraper, the 
subway and the ferry boat. Large in¬ 


sects in the shape of automobiles crept 
along the gutter called street or avenue, 
subordinate but important. Finally, as 
a fairly insignificant and secondary by¬ 
product of the enormous mechanical 
reality there appeared the microscopic 
bacteria, called man, sneaking in and out 
of subway, skyscraper or automobile, per¬ 
forming some useful service to their mas¬ 
ters, but otherwise rather insignificant. 
Modern civilization is a gigantic hyper¬ 
trophy of material objects, and con¬ 
temporary man will still have to fight 
his battle in order to reassert his domi¬ 
nance over the thing. 

But what interests us at present is to 
find the existence of a common measure 
between the residential part of the sky¬ 
scraper and snow-house, pile-dwelling 
and cow-dung hut. 

In the material used, m structure, in 
architecture, in all, that is, which we can 
call the form of the object, there is hardly 
one trait in common. But look at the 
dwelling as a part of an institution. It 
appears at once that the principles on 
which each dwelling is integrated into 
organized human life and becomes the 
shell of this life are the same throughout 
humanity. In the pent-house on top of 
the skyscraper, in the snow-house, m the 
hovel of cow-dung, in the hut of thatch, 
we find the same domestic unit, the fam¬ 
ily, consisting of father, mother and 
children. 

Is the resemblance only superficial? 
No. Functionally it is not merely a re¬ 
semblance, but an identity. The group 
are united by the same task, the essential 
business of reproducing the race. A 
universal type of legal charter gives 
juridical validity to the group. The act 
of marriage bestows legitimacy on the 
children; grants the consorts mutual 
privileges and duties; it defines the do¬ 
mestic work of husband and wife; above 
all it imposes on them the duty of look¬ 
ing conjointly after the children. Hu¬ 
man parents, unlike animals, are not 
allowed merely to throw up fresh organ- 
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isms, but they have to introduce fully 
fledged citizens into the community. 

We have found throughout our survey 
that the food quest and other economic 
activities leave a deep imprint on the 
whole culture. This truism, however, 
must be supplemented by a somewhat 
fuller appreciation of the place of eco¬ 
nomics in primitive culture.* Let us 
once more concentrate on a concrete 
case, the system of agriculture of the 
Trobriand Islanders in Melanesia. Their 
whole tribal life is dominated by agri¬ 
culture. During the season of hard work, 
men and women practically live in the 
gardens. Then, while the plants sprout 
and grow, the women still have to do 
weeding. The men, on the other hand, 
devote themselves to other things, fishing 
and trapping, industries, canoe-building 
and trading expeditions. One man only, 
the garden magician, still remains hard 
at work. He has been in fact from the 
beginning an organizer of work; direct¬ 
ing the allotment of land, and, while 
ostensibly he was carrying on his rites, 
in reality he acted as tribal entrepreneur. 
Even when it comes to the harvest he 
still has to bless the crops and then per¬ 
form over the stored produce a type of 
magic which, by reducing the appetite of 
the people, makes food last longer. 

But agriculture as an economic activ¬ 
ity does not end with the harvest. The 
distribution of the products is an im¬ 
portant business which penetrates into 
all the aspects of tribal life. Tribute has 
to be given to the chief, and on this trib¬ 
ute his political power is largely based. 
A quota of food has to be put aside for 
tribal ceremonies and this finances 
largely their public and religious activi¬ 
ties. Finally, the third stage of the eco¬ 
nomic process, consumption, presents 
many interesting aspects in this tribe, 
as everywhere else. For consumption 
means not merely eating, but also hand¬ 
ling, display, ritual food offerings and, 
last but not least, sheer waste. 

For in the Trobriands the passion for 
accumulated food is so great that people 


prefer to keep their yams till they rot 
in the storehouses rather than to see the 
latter empty. 

We see then that agriculture must be 
studied within the context of the whole 
economic system. For the vegetables are 
exchanged for fish; they are used in the 
financing of enterprise and for feeding 
the craftsmen; for the capitalization of 
industries. This is especially interest¬ 
ing in the study of the large native 
jewelry, or more correctly tokens of 
wealth, which play a considerable part 
in the political system and which are 
also ceremonially exchanged in the course 
of large intertribal expeditions, which 
are practiced throughout this region. 
Could we apply the same detailed study 
to Masai or to Chagga economics, or 
those of the Esquimaux or Plains In¬ 
dians, we would see that they also must 
be considered under the three headings 
of production, distribution and con¬ 
sumption. 

The anthropologist is often asked by 
elderly ladies or young girls: “Is primi¬ 
tive man an individualist or communist T 
I want to know that, because I want to 
know whether human nature is com¬ 
munistic or not.” I could refer to one 
or two instances where a scholar of high 
repute has played into the hands of the 
lady questioner, old or young. As a 
matter of fact, the anthropologist can 
give an opinion, but only as to the work¬ 
ings of the institution of property and 
not as to that vague entity, human na¬ 
ture. Communism as public control of 
private property has always existed and 
must be present in every culture, simple 
and developed. Communism, as ab¬ 
sence of individual property, does not 
exist under primitive conditions. 

Take the prototype of all wealth, value 
and property; soil used for agriculture. 
Complete communism of land actually 
under cultivation is never found in any 
primitive society. Production is a proc¬ 
ess in which man invests labor and intel¬ 
ligent foresight, and at least as much of 
his wealth as is necessary for planting, 
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and for keeping himself alive while he 
works. No free human being will do it 
permanently without some legal guar¬ 
antee, safeguarding for him the results 
of his efforts. The guarantee given to 
each free individual that the results of 
his efforts will be his to use or to give, is 
tantamount to individual ownership. 
Where there are slaves, pawns or serfs, 
there may be a class of people who work 
without any claims to the fruits of their 
labor. But such communism turns men 
into slaves, serfs or pawns. May this not 
be true of all forms of communism! 

Take again profit. We are often told 
that with the abolition of private profit 
all evils, such as war, sexual jealousy, 
poverty and even drunkenness, will dis¬ 
appear. To me the Marxian doctrine of 
profit entails a complete misconception 
of the relationship between the economic 
factor and other motives and drives in 
human society. The pocket is not the 
only channel by which wealth can be mal- 
distributed and abuses canalized. Van¬ 
ity, doctrinaire zeal, incompetence, per¬ 
sonal ambition cause as much havoc as 
does greed. The men who control pro¬ 
duction—in Africa or Europe, in Mela¬ 
nesia or America—do not and can not 
fill their pockets or bellies with gold. 
Where they can and do harm is in mis¬ 
handling and misusing the production 
and distribution of wealth. In order to 
prevent that, public control by disinter¬ 
ested agencies is necessary. And here it 
is obviously better to have a system in 
which control of wealth, legislation and 
the executive use of power are not con¬ 
centrated in the same hands, but vested 
in separate agencies. The totalitarian 
state and the African autocracy are not 
models of sound economic systems. The 
real advance lies in the gradual piece¬ 
meal reform, involving all the parts of 
the economic and political organism. An 
integral revolution destroys, but it does 
not create. The concentration of all 
controls in the same hands means the 
abolition of all control. 

How can we link up religion, magic, 


sorcery and divination as cultural phe¬ 
nomena with our whole system of inter¬ 
pretation in which we conceive of culture 
as the vast apparatus for the satisfaction 
of human needs ? We have seen that the 
fundamental needs of the human organ¬ 
ism, those of food, reproduction, safety, 
freedom of movement, are satisfied under 
culture by ad hoc systems of organized 
activities. Culture thus establishes the 
quest for food and the industries, tech¬ 
nical constructiveness, courtship and 
marriage, kinship schemes and military 
organizations. 

We have seen how this cultural round¬ 
about way of indirect satisfaction im¬ 
poses secondary or derived needs. These 
are not innate drives of the organism 
but highly derived implications of man's 
cultural response to innate urges. Thus 
economic desires, values, standards, legal 
inhibitions and the consciousness of one's 
rights and privileges, social ambition and 
kinship sentiments, political prestige and 
submissiveness are essentially human 
characteristics. But they are imposed 
by the circumstances of human existence 
in organized communities and not by 
reflex or instinct or any factor of innate 
endowment. 

But this is not the end. The vast 
machinery of culture is maintained, 
regulated and preserved by the body of 
traditional lore. This is made possible 
by language, which allows man to formu¬ 
late general rules and condense them into 
concepts. Thus, to systems of action 
there correspond systems of thought. 
Action must be based on foresight and 
on the grip of the context. Man deals 
with nature and his fellow beings by 
constructive and imaginative handling 
of each situation. He has to lay down 
the results of past experience into sys¬ 
tems, fixed, standardized, yet withal 
plastic. These he hands over from gen¬ 
eration to generation. 

Systems of human knowledge exist 
even among the lowest primitives. They 
must have existed from the very begin- 
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mng of humanity. The wide-spread mis¬ 
conception that primitive man has no 
rudiments of science, that he lives in a 
hazy, mystical or infantile world have 
to be rejected in the light of our fuller 
knowledge of primitive cultures. 

But though knowledge is easily ac¬ 
counted for, what are the natural foun¬ 
dations of religion and magic? That 
which establishes man’s final superiority 
over the animals, his power of symbolic 
and constructive thought, imposes on 
him also great burdens. It reveals to 
him the fundamental uncertainty and 
limitation of his own existence. In order 
to think clearly man has to look back and 
remember; he has to look forward and 
foresee; and that means he is subject to 
fear as well as to hope. Man, of all the 
animals, can not live in the present; he 
can not lead a hand-to-mouth existence 
from moment to moment. This must 
finally bring him to ponder on topics 
where emotions blend with cold reason 
and where the answer is dictated by emo¬ 
tions, though it is largely framed by 
reason 

What is the ultimate destiny of man 
and of mankind? What is the meaning 
of life and the relations between man 
and the universe ? Whence have we come 
and whither are we bound, and what is 
the sense of ail man’s fears, sufferings 
and disappointments? Metaphysics and 
religious speculation are as old as knowl¬ 
edge and as old as language itself. At 
the beginning they are extremely simple 
and crude. Animism and beliefs in 
magical force, phantasies about sorcery, 
ghosts, vampires and totemism, that is, 
the belief in the spiritual affinity between 
man and nature, are the answers of 
primitive man to the fundamental riddles 
of life. Once we realize their real nature 
it is easy to perceive their great value. 
They are well adapted to the limited con¬ 
ditions in which primitives have to live, 
they contain the answer to the questions 
of whence and whither, and above all 
they supply man with ritual means of 


getting in touch with spiritual forces, of 
establishing communion with ancestral 
spirits, totemic beings or divinities, and 
they allow man to secure his immortality, 
and thus to give sense to his life. 

Knowledge, magic and religion are the 
highest, the most derived imperatives of 
human culture Indirectly and through 
several relays they also are the outcome 
of man’s organic needs. The craving for 
religion and for magical power, as well 
as scientific curiosity, are not instinctive. 
They are the outcome and the correlate 
of that intelligent adjustment of man to 
his environment which makes him the 
master thereof. Magic and, to a much 
higher degree, religion are the indis¬ 
pensable moral forces in every human 
culture Grown out as they are of the 
necessity to remove internal conflict in 
the individual and to organize the com¬ 
munity, they become the essential factors 
of spiritual and social integration They 
deal with problems which affect all mem¬ 
bers of the community alike. They lead 
to actions on which depends the welfare 
of one and all. Religion and, to a lesser 
extent, magic thus become the very foun¬ 
dations of culture. 

By now, I trust we all realize that 
there exist laws of cultural process, and 
that their discovery is the main task of 
scientific anthropology. 

Our plea for scientific anthropology, 
of course, is not tantamount to an indict¬ 
ment or exorcism of all the attractive 
and amusing speculations. Evolution¬ 
ary aper^us, indeed, I regard as indis¬ 
pensable. Careful and sober diffusionist 
hypotheses seem to me quite profitable. 
To minimize or discard a really human 
interest in humanism would be a crime. 
To mix up or confuse the emotional or 
artistic approach with the scientific is a 
serious lack of judgment. The two ap¬ 
proaches must be used simultaneously: 
They have to complement each other. 
But science must furnish the foundation. 

The scientific theory of culture has also 
brought to light some really vital truths. 
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Is the recognition of the universal stabil¬ 
ity and permanence of the family and 
marriage of no interest in these days 
when domestic institutions seem to be 
threatened on every side? The anthro¬ 
pologist might almost add: “As it was 
in the beginning, is now and ever shall 
be. ” That Communism can not be a 
panacea for all our cultural troubles may 
also be an interesting appreciation. We 
have seen that Communism alone is never 
to be found in any culture, however 
primitive or complex. We have seen, 
also, why Communism as an economic 
system can not work except in conjunc¬ 
tion with slavery. On the other hand, 
pure individualism does not exist any¬ 
where either. So that some admixture 
of Communism, that is, public control, 
has always worked and worked well 
But it can not work wonders or cure all 
evils We have defined the role of the 
supernatural as an integrating and or¬ 
ganizing force in society. One of the 
implications of our analysis was that the 
abuse of law and political power must 
always lead to cultural disaster. Science 
and virtue, efficiency and endurance, 
courage and chastity can never be dic¬ 
tated by edicts nor inflamed by oratory 
nor yet forced into existence by a system 
of police spies and police brutalities To 
replace religion and morality by the 
secret service of a totalitarian state is a 
disease of culture. 

For we have fully acknowledged the 
existence of cultural maladjustment and 
even of lethal ailments of civilization. 
The very concepts of adaptation and 
function imply degrees and qualifica¬ 
tions, from excellence to decay. 

Our present civilization is undoubt¬ 
edly passing through a very severe, per¬ 
haps a critical, stage of maladjustment. 
The abuse of legal and administrative 
power; the inability to create lasting 
conditions of peace; the recrudescence of 


aggressive militarism and magical trick¬ 
ery ; the torpor of true religion and the 
assumption of a religious garb by doc¬ 
trines of racial or national superiority or 
the gospel of Marx—all this shows that, 
while we have become the masters of 
inanimate nature, we have connived at 
the complete enslavement of man by 
machine. 

The greatest need of to-day is to estab¬ 
lish a balance between the stupendous 
power of natural science and its applica¬ 
tions and the self-inflicted backwardness 
of social science and the consequent im¬ 
potence of social engineering To repeat 
a truism just mentioned, we have allowed 
the machine to overpower man. One of 
the reasons of this is that we have learned 
to understand, hence to respect and to 
handle the mechanism But we have 
failed to develop the really scientific 
spirit in humanism. 

To-day the freedom to exercise purely 
scientific determinism is threatened in 
many countries. This freedom is even 
more essential for social than for natural 
science. It is, therefore, our duty on this 
occasion to insist on the necessity for 
this freedom. We are assembled here to 
celebrate the Tercentenary of one of the 
greatest workshops of science and reason 
ever established by man The founding 
of Harvard was an act of human be¬ 
havior not outside reason and determin¬ 
ism It was determined by wise fore¬ 
sight, and its existence and work have 
been enduring factors in developing 
reason and determining rational be¬ 
havior. Harvard has always fostered 
that spirit of science which means free¬ 
dom in the search for truth, for the laws 
of nature and of human behavior. Let 
this spirit preside over the development 
of the comparative science of man and we 
may yet hope that the spirit of Harvard, 
that is, the spirit of science, will prevail 
in the conduct of human affairs. 
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In the confident days of its youth, 
political economy believed that ~it had 
solved the important and timely prob¬ 
lem put before this session. It was 
ready to dispense advice on public 
policies, and its admonitions concern¬ 
ing the duties of the state toward eco¬ 
nomic enterprise were especially clear 
and urgent. Current economics, the off¬ 
spring of this authoritative discipline, is 
a more cautious creature. When asked 
for practical advice it reveals an infe¬ 
riority complex; but in compensation it 
claims to have a stricter scientific con¬ 
science than troubled its philosophic 
forebear. Economic theory now seldom 
forgets that its conclusions rest upon 
assumptions expressly designed to sim¬ 
plify its problems sufficiently to make 
them amendable to analysis. When 
asked for advice it answers primly: 
‘‘That is not a proper request to make 
of a science. My task is merely to 
examine the functional relations among 
certain processes under a variety of care¬ 
fully specified conditions. What I have 
to say is the truth and nothing but the 
truth; it is not the whole truth. In 
practical affairs,” economics goes on, 
“it is necessary to take account of many 
factors that I purposely exclude. You 
should indeed pay heed to my findings, 
they are highly important. But you 
should not expect me to tell you what to 
do in this messy world, so unlike the 
orderly realm I create for scientific 
ends. If some of my alleged representa¬ 
tives desire to dictate your policies, don’t 
suppose that they speak with my author¬ 
ity. Of course an economist is also a 
citizen, and like his fellows must reach 
decisions on current issues of all sorts; 
but if he remembers what I have taught 
him he won’t try to pass off his notions 


about policy as my deliverances. You 
do well to seek scientific understanding 
as a basis for action; but please note 
that I have several sister sciences of 
human behavior whose business it is to 
study the numerous factors that I pass 
over. You should consult the whole 
family, though I am sorry to say that 
my younger sisters are so immature that 
you can not expect much help from 
them.” On which ungracious note, eco¬ 
nomics resumes the irreproachable atti¬ 
tude it has learned to strike when asked 
to make itself useful. 

Needless to say, the planners of this 
Symposium on ‘‘Authority and the Indi¬ 
vidual” would not express themselves 
in this wise. They have proposed col¬ 
laboration among the social sciences and 
humanities ‘‘with a view to breaking 
down traditionally specialized lines of 
approach to an important and timely 
problem and to make its solution the 
object of a common attack.” My whim¬ 
sical version of the methodological posi¬ 
tion of current economics indicates that 
its votaries are logically bound to accept 
this program. For us in particular 
collaboration should be a wholesome ex¬ 
perience, for it should correct our atti¬ 
tude toward the other social sciences and 
put us in our proper place. The 
“purer” we make economics the more 
generously must our findings be supple¬ 
mented before they can be relied upon 
as a trustworthy guide, and the keener 
should we be to work with men of other 
disciplines. 

But collaboration may take two 
courses. First, representatives of differ¬ 
ent disciplines may bring each his own 
contribution to the understanding of a 
problem in as perfect a form as his tech¬ 
nique makes possible, leaving to others 
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the responsibility of fitting together the 
several contributions. Conscientious spe¬ 
cialists who realize how likely they are 
to go wrong when they wander outside 
their familiar boundaries may well pre¬ 
fer this course. But who can vouch that 
the several contributions worked out by 
independent specialists will make a 
whole t And what group is ready to as¬ 
sume the difficult and responsible task of 
putting the results together so far as 
they will fitf If there is no such group 
at present, can one be formed t That is 
a question for the future and I shall come 
back to it later. But as matters now 
stand, can not the representatives of 
the social sciences and humanities col¬ 
laborate with one another in a more 
direct fashion T If we wish to break 
down our traditionally specialized lines 
of approach and join in a common attack 
upon social problems, must not each of 
us strive to effect some such change in 
his own thinking f This second mode of 
collaboration involves not merely follow¬ 
ing one another’s work but also making 
use of one another’s approaches to our 
own problems. It is a difficult course and 
beset by dangers; yet in so far as we can 
pursue it each of us can make his work 
as a specialist more interesting to him¬ 
self, more valuable to his colleagues in 
other sciences and more effective in a 
common attack upon the problems we 
hope to solve. 

Believing that we should construe in 
this sense the invitation of Harvard Uni¬ 
versity to collaborate with one another, 
I shall discuss the formidable topic as¬ 
signed to me, “Intelligence and the Gui¬ 
dance of Economic Evolution,” not as a 
problem in pure economics but as realis¬ 
tically as I can, making use of what 
notions I possess about human behavior 
at large. Doubtless I shall make mis¬ 
takes that economic historians, psycholo¬ 
gists, sociologists or political scientists 
would avoid. And I know that some men 
of my own craft will think my whole pro¬ 
cedure ill-advised. But genuine efforts 


at collaboration involve such risks, and 
each of us is justified in running them. 


Let me start with the solution of the 
problem set before me that was given by 
Adam Smith in 1776. His “ Wealth of 
Nations” was devoted in large part to 
criticizing the mercantilist doctrine that 
it is the statesman’s duty to regulate the 
economic activities of private people as 
much as it is his duty to provide for 
the common defense. Adam Smith’s 
critique centered on the proposition that 
the wealth of a nation is the aggregate of 
the wealth of its citizens, and that each 
citizen in his local situation is a better 
judge of how to augment his wealth than 
a distant statesman can be. Restated in 
terms of my topic, this argument runs: 
Nations prosper more when they leave 
the guidance of their economic evolution 
to individuals than when governments 
attempt to guide. No distrust of intel¬ 
ligence as a guide is implied; the conten¬ 
tion is that in the industrial army plan¬ 
ning by a central staff is worse than 
futile; the planning should be done by 
the private soldiers, individually or in 
such companies as they voluntarily form 
under captains who rise from the ranks. 
All that the staff need do for industry is 
to see that the privates and officers treat 
one another fairly, and to perform a few 
necessary tasks that no private or com¬ 
pany would find it profitable to under¬ 
take. 

Had this symposium been held on the 
hundredth anniversary of the * i Wealth 
of Nations, ’ ’ I fancy that the economists 
invited to participate in it would have 
felt competent to treat this problem with¬ 
out the collaboration of authorities in 
the other social sciences. And they 
would have endorsed Adam Smith’s solu¬ 
tion of the problem, some with more, 
perhaps some with less reservations than 
the Father of Political Economy had 
made. It is true that the last of the 
great classical trinity, John Stuart Mill, 
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had avowed himself a Socialist; but he 
built his temperate hopes for the better¬ 
ment of economic conditions, not upon a 
recrudescence of governmental plan¬ 
ning, but primarily upon the cumula¬ 
tive growth of producers’ cooperation. 
Gradually the employees of business 
enterprises would take over the functions 
of ownership and management; for 
workers expecting a share in the profits 
would be more industrious and more in¬ 
telligent than mere wage-earners, and 
so cooperative concerns would prevail in 
the competitive struggle for survival. 
Of course this speculation posits the 
continuance of what Adam Smith fondly 
called “the obvious and simple system 
of natural liberty ” Since the most re¬ 
spected Socialist of the time accepted the 
general principle of laissez-faire that 
doctrine seemed secure. 

But 1876 marks as well as any date 
we could select the culmination of faith 
in the guidance of economic evolution 
by individual intelligence To-day the 
problem that Adam Smith thought he 
had solved is as timely as it was in 1776. 
I doubt whether any economist attend¬ 
ing the present symposium feels as com¬ 
petent as Adam Smith did to tell gov¬ 
ernments just how far they should carry 
their intervention in economic activities 
For within the past one hundred and 
sixty years economists have made prog¬ 
ress toward grasping the complexities 
of social problems, if not toward agree¬ 
ment upon solutions. Numerous devel¬ 
opments have combined to change their 
attitude toward governmental regulation 
of economic enterprise, of which the 
most important has been the world’s ex¬ 
periences with different types of eco¬ 
nomic organization. 

Great Britain was far better prepared 
than Adam Smith realized to accept his 
teaching. Private enterprise, often in 
defiance of mercantilist regulations, had 
become a mass phenomenon before the 
“Wealth of Nations” was published. 
The new doctrine was a philosopher’s 


rationalization of practices engaged in by 
enterprising men because they were 
profitable Negatively it eased the con¬ 
sciences of technical law-breakers by as¬ 
suring them that their actions promoted 
the public welfare; constructively it 
gave them a logical argument for de¬ 
manding the repeal of hampering regula¬ 
tions. Of course, beneficiaries of the old 
system were not deterred by any theo¬ 
rizing from striving to maintain their 
legal rights But technical developments 
that Adam Smith could not foresee kept 
weakening the defenders of the old order, 
swelling the number and increasing the 
power of those who profited by laissez- 
faire. A growing volume of trade, 
domestic and foreign, stimulated men 
with initiative to try new forms of busi¬ 
ness organization, some of which proved 
highly efficient. The same factor created 
a lively interest in finding cheaper meth¬ 
ods of producing, processing and trans¬ 
porting materials in bulk. This alliance 
of mechanical invention and business 
enterprise proved irresistible. The 
classes that had vested interests in the 
old order could neither meet the com¬ 
mercial competition of their rivals who 
were introducing new methods nor make 
effective answer to Adam Smith’s logic. 
Statesmen of a speculative turn of mind 
readily accepted the “Wealth of Na¬ 
tions” as their guide in commercial 
policy; statesmen who waited for the 
teachings of experience followed more 
hesitantly but in increasing number; 
politicians who accepted the dominant 
opinion of the day slowly fell into line. 
Partly by allowing mercantilist statutes 
to become dead letters, partly by formal 
action, the country dropped the policy of 
mercantilist planning and deemed the 
results good on the whole. By the 1860’s 
or 70’s most Britons who thought about 
such matters believed that practical ex¬ 
perience had demonstrated the sound¬ 
ness of*Adam Smith’s doctrine and that 
other countries would gradually learn 
the great lesson that theory and practice 
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combined to teach. A glowing vision was 
cherished by liberal spirits of freedom 
for all men in their economic, political 
and social relations, a vision of peace 
among the nations securely based upon 
recognition that peace is the best policy, 
a vision of cumulative progress in the 
conquest of nature assuring not merely 
a higher standard of comfort for all man¬ 
kind but also a nobler life. What Car¬ 
lyle had dubbed the 4 ‘dismal science'’ 
appeared to many as the brightest hope 
of the race. 

II 

But decades before this stage was 
reached, certain emendations had proved 
necessary in “the obvious and simple sys¬ 
tem of natural liberty" as presented by 
Adam Smith. The horrible treatment of 
“pauper apprentices" in some cotton 
mills and of climbing boys apprenticed 
to chimney sweeps early convinced the 
public that these unfortunate children 
were not able to judge or to defend their 
own interests. They seemed to need and 
they were granted the protection of the 
state. Later revelations of the exploita¬ 
tion of child workers at large, of young 
persons and also of women led to further 
protective legislation justified by the 
same argument. Only adult males were 
credited with knowing better than Par¬ 
liament what was good for them and with 
being able to look out for themselves. 
But even that amended proposition was 
challenged with success. Seamen would 
sail on overloaded ships, colliers would 
go down ill-ventilated mines, factory 
hands would take foolish risks with un¬ 
fenced machinery, men would expose 
themselves to occupational diseases. 
Indeed the new industry, imperfectly 
controlling the powerful natural forces 
it was putting to work, was full of 
hazards that men underrated, and gov¬ 
ernment felt constrained to exercise its 
superior intelligence for their benefit. It 
appeared also that many investors were 
quite incapable of judging where to place 
their capital safely, that consumers would 


buy impure foods and drugs, that town 
dwellers endangered one another by their 
ignorance of sanitation. In short, the 
assumption that the individual is a better 
judge of his own interests than a distant 
statesman was found to be subject to 
many exceptions. These exceptions be¬ 
came more numerous and more impor¬ 
tant as social organization became more 
complex. Hence governmental interven¬ 
tion was gradually extended in many 
directions of which Adam Smith had not 
thought, but of which perhaps he would 
have approved could he have revisited 
Great Britain in 1876, 

Interwoven with the problems pre¬ 
sented by those who seemed not to know 
their own interests was a cognate prob¬ 
lem presented by persons who claimed 
that they could not protect interests of 
which they were painfully conscious. 
The argument for laissez-faire assumed 
that in pursuing his own interest every 
individual would be prevented from 
charging unduly high prices for his 
goods or services by the competition of 
rival sellers and also protected against 
having to accept unduly low prices by 
competition among buyers This com¬ 
petitive regime promised to work out a 
rough sort of justice and also to stimu¬ 
late efficiency in serving the public. 
Business men who did not measure up to 
current standards would be reduced to 
t lie status of workmen, taking orders 
from abler captains of industry. Thus 
inefficiency would be penalized, merit 
rewarded and the country assured that 
its economic energies were directed by 
the ablest available leaders—the ablest 
because they were continually being sub¬ 
jected to the infallible test of ability to 
survive in a competitive struggle. It is 
no wonder that this view captivated 
many philosophic minds and suited suc¬ 
cessful men of affairs; nor is it any 
wonder that other classes were less satis¬ 
fied. Wage-earners in particular pro¬ 
tested that the conditions of the labor 
market did not assure them a fair price 
for their services. For in this market 
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the sellers were a crowd of individuals 
ill informed about current conditions 
and future prospects, unskilled in bar¬ 
gaining, forced by pressing need to 
underbid one another. On the other 
side of the market stood the employers, 
each one a combination in himself, able 
to merge into larger combinations when 
they saw fit, the best judges of commer¬ 
cial conditions, keen bargainers, able to 
wait. How valid was this distressful 
picture of the workingman's plight in 
the early decades of the nineteenth cen¬ 
tury admitted of argument. The point 
that concerns us is that disciples of 
Adam Smith persuaded Parliaments that 
were moving toward laissez-faire to 
repeal the Anti-Combination Acts and to 
legalize trade unions. Some advocates 
of these measures believed that wage- 
earners would learn that combinations 
were expensive and futile, but they were 
bad prophets. Trade unions grew in 
strength after the fluctuating fashion of 
human institutions, and later Parlia¬ 
ments confirmed the policy of counte¬ 
nancing voluntary restriction of compe¬ 
tition among sellers in the labor market. 

Meanwhile cases were becoming promi¬ 
nent in which competition among 
business enterprises themselves seemed 
plainly detrimental to the public inter¬ 
est. The classic illustration was pro¬ 
vided by the gas industry. If two com¬ 
peting companies sought to serve the 
same town each would have to lay mains 
and provide connections. The total 
investment would be needlessly large. 
If both companies received the going 
rate of return upon their capital the con¬ 
sumers would be overcharged. If neither 
company made money, or if one suc¬ 
ceeded and the other failed, part of the 
country’s precious capital would be 
wasted. Thus what were often called 
“natural monopolies" seemed to be ex¬ 
ceptions to the rule that prices would be 
kept reasonable by competition. They 
were also recognised as exceptions to the 
rule that government should let business 
alone. For the only way to protect the 


customers of monopolies from extortion 
seemed to be governmental regulation of 
rates or governmental ownership. Brit¬ 
ish municipalities that were strongholds 
of laissez-faire became strongholds also 
of “municipal socialism," while the cen¬ 
tral government experimented with vari¬ 
ous plans for controlling the railways 
and took the telegraph and telephone sys¬ 
tems into the post office. 

The continued progress of the indus¬ 
trial revolution and the concomitant de¬ 
velopment of large-scale business kept 
raising new problems of this type. Were 
all public utilities best treated as mo¬ 
nopolies and subjected to special con¬ 
trols? Should the production of elec¬ 
trical current, perhaps coal mining and 
even housing be added to the list of 
public utilities? Was not the progress 
of engineering with its trend toward 
more elaborate and specialized machin¬ 
ery threatening to put many industries 
into a position where cut-throat competi¬ 
tion among independent corners would 
be almost as wasteful as competition be¬ 
tween two gas companies ? And if busi¬ 
ness managers stopped short of cut¬ 
throat competition, how far short would 
they stop? Left to themselves, would 
they compete actively enough to protect 
consumers ? 

The theoretical difficulty underlying 
this practical danger had been pointed 
out by Adam Smith’s younger contempo¬ 
rary, the Earl of Lauderdale, who chal¬ 
lenged the assumption that the wealth 
of a nation is the aggregate of the wealth 
of its citizens. On the contrary, said 
Lauderdale, public wealth consists in 
an abundance of useful goods, while 
scarcity enhances the value of private 
property. The individual pursuing his 
own gain seeks to limit his output to 
the volume most profitable to himself, 
and that aim is antagonistic to the pub¬ 
lic’s interest in abundance. Where 
active competition prevails, the indi¬ 
vidual who seeks to increase his profits 
by limiting the supply will lose customers 
to his rivals; there the pursuit of self- 
interest leads every producer to sell 0 $ 
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much as he can so long as prices exceed 
his cost of production. But this 1 * arti¬ 
ficial harmony of interests ' 9 established 
by competition is precarious. For the 
pursuit of self-interest gives every man 
a strong incentive to escape from the 
pressure of competition into the ampler 
freedom of monopoly; that is, to destroy 
the one great safeguard of the public’s 
interest in abundance. Every class en¬ 
gages in this destructive practice so far 
as it can, and blames other classes that 
succeed in so doing. Employers charge 
that labor unions limit the number of 
apprentices, working hours and output 
per man-hour; that they seek to limit 
employment to union members, and limit 
admission to their own ranks by high 
initiation fees. Business men are popu¬ 
larly assumed to be the most successful 
sinners. Thorstein Veblen could picture 
the modern captain of industry as a 
strategist concerned mainly with the 
practice of “capitalistic sabotage”; that 
is, with the effort to limit the inordinate 
abundance of goods that modern engi¬ 
neering would provide to those modest 
supplies that will yield the maximum 
net revenues. 

Another type of difficulty, business in¬ 
terference in government, had been 
pointed out by Adam Smith himself. 
In his eloquent plea for “the simple and 
obvious system of natural liberty,” 
Smith tacitly assumed that government 
aimed to increase the wealth of the nation 
as a whole. But in a much earlier 
passage, not often recalled by his dis¬ 
ciples, he had pointed out how unscrupu¬ 
lously clever are men of business in per¬ 
suading the government that measures 
profitable only to their selfish interests 
will be advantageous to the public. A 
wise administration would be suspicious 
of advice from that quarter. Of course 
the laboring classes were too ignorant to 
form opinions upon public policy; but 
the countiy gentlemen might be trusted, 
for though often stupid about commer¬ 
cial matters their interests coincided 
broadly with those of the nation. Ri¬ 


cardo reversed this dictum: the interests 
of the landlords were opposed to those 
of every other class in the community, 
and a government controlled by them 
was selfishly misused to restrict foreign 
competition in foodstuffs in order to keep 
Up rents—a policy that made food dear 
and money wages high, thereby reducing 
profits and impeding the accumulation 
of capital, on which progress depended. 
Later generations found reason for be¬ 
lieving both Smith and Ricardo, or 
rather for believing that every class, the 
wage-earners included when they attain 
political influence, is eager to use the 
power of government for selfish ends. If 
any class has a bad eminence in this 
respect it is because circumstances enable 
that class to exercise more pressure upon 
government for the time being. And the 
more developments of one sort or another 
forced government to concern itself with 
economic affairs, the more private parties 
strove to control government. This de¬ 
velopment attracted more attention in 
the United States than in Great Britain; 
but it is naive to think that in any coun¬ 
try the problem of the state and economic 
enterprise can be treated realistically 
without considering economic enterprise 
in politics. We economists have been 
so prone to chide governments for in¬ 
terfering in business that we have often 
overlooked the extent to which these in¬ 
terferences are dictated by particular 
groups of business men. We usually 
think of government as Adam Smith did 
when he was expounding the policy of 
laissez-faire, forgetting what we know of 
politics, just as Adam Smith for the mo¬ 
ment forgot his warnings about the 
machinations of the commercial interest. 

Ill 

Not only did private enterprise pro¬ 
duce various unfortunate results, it also 
failed to produce some good results that 
were expected by its champions. One 
bitter disappointment came in interna¬ 
tional relations. As noted before, during 
the heyday of laissez-faire it was pre- 



456 


THE SCIENTIFIC MONTHLY 


dieted that the mutual gains from free 
trade, demonstrated so convincingly by 
political economy, would bind the peo¬ 
ples of the world in an economic league 
of peace. Unhappily that was not the 
outcome The volume of international 
trade did increase enormously as appli¬ 
cations of science reduced the costs of 
transportation. But even the great com¬ 
mercial nations did not raise their for¬ 
eign policies to the level of enlightened 
self-interest They continued as m the 
age of mercantilism to waste their eco¬ 
nomic energies and to prostitute their 
intelligence in waging intermittent wars, 
though all sensible men knew that the 
chief outcome of wars is mutual im¬ 
poverishment and frustration. Compe¬ 
tition among the nations for economic 
gains kept degenerating into wrangles 
and wrangles into fights—as would com¬ 
petition among individuals if there were 
no authority in the background to en¬ 
force peace. The economic theorists of 
laissez-faire had committed a sin of omis¬ 
sion that John R. Commons is helping 
this generation tardily to repair. They 
had failed to realize the implications of 
the role played by courts in economic 
transactions Where there is no court to 
decide disputes, backed by power to en¬ 
force its decisions, enlightened self- 
interest has but a feeble control over 
human passions. 

Nor was that the whole or the worst 
of the psychological error. Even in in¬ 
dividual dealings regulated by courts, 
enlightened self-interest did not domi¬ 
nate behavior so much as the logic of 
laissez-faire required. The most discon¬ 
certing discovery, or rather rediscovery, 
made by the social sciences in the nine¬ 
teenth century was that man is a less 
rational animal than he thinks himself 
He is prone to commit the “ intel¬ 
lectual ist fallacy * ’ in giving accounts 
of his own behavior; that is one of his 
subtle ways of maintaining his self¬ 
esteem. Systematic thinkers are espe¬ 
cially subject to this fallacy because the 
easiest way to give an intelligible account 


of what men do is to suppose that they 
are guided by calculations that the 
theorizer can repeat and foretell. Thus, 
as Walter Bagehot happily remarked, 
Adam Smith tacitly assumed that “there 
is a Scotsman inside every man.” The 
literal-minded closet philosopher, Jeremy 
Bentham, made the assumption explicit. 
He crystallized the conception of func¬ 
tional psychology current among British 
thinkers of his time in the “fclieific cal¬ 
culus”—a scheme so congenial to minds 
formed by a money-making age that 
diluted versions of it still dominate many 
of our speculations about economic be¬ 
havior. Even the Malthusian “principle 
of population/ ’ with its modern-sound¬ 
ing emphasis upon instincts and habits, 
could be interpreted in terms of the 
felicific calculus by disciples of Bentham. 
The working classes, like their betters, 
were controlled by the two sovereign 
masters, pain and pleasure: but their 
lamentably defective education pre¬ 
vented them from foreseeing the pains 
that large families would bring upon 
them. The obvious remedy was to teach 
these unfortunates to associate low wages 
with premature marriages. Thus polit¬ 
ical economy had a great civilizing mis¬ 
sion to perform for the most wretched 
part of humanity as well as for the more 
fortunate; it should help all mankind to 
calculate correctly, that is, to find the 
real way of maximizing net pleasures. 
But Darwin's teaching that man is an 
animal fundamentally ruled by instincts 
changed the perspective in which the 
social sciences saw problems of human 
behavior. Psychologists revealed the 
artificiality of the hedonistic analysis. 
Thinking appeared to be at best an in¬ 
termittent process, concerned with the 
humble task of finding ways toward ends 
set by more fundamental forces, and 
engaged in typically when routine modes 
of action encounter obstacles. Ben¬ 
tham ’s clarity gave way to confusion. 
Men are moved by fears and angers, 
vanity and curiosity, longings for ad¬ 
venture and longings for security, sym- 
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pathy with others and delight in making 
invidious comparisons to their own ad¬ 
vantage, by obsessions, prejudices, vis¬ 
ions, by forces conscious and unconscious 
to which we give a hundred names but 
can not delimit, describe and classify in 
any way on which we can agree. 

The rediscovery of man’s irrationality 
helps us to understand why Adam 
Smith’s 44 obvious and simple system of 
natural liberty” was never given a full 
trial. Perhaps a race evenly endowed 
with enlightened self-interest might have 
made an earthly paradise of the sort 
they would have liked by practicing 
laissez-faire . Certainly the very un¬ 
evenly endowed men that populate this 
planet, shortsighted, quarrelsome, senti¬ 
mental, did not do so. When individual 
enterprise produced results they did not 
like they would not wait for the evils to 
correct themselves in the long run Each 
generation has realized the force of Mr. 
Keynes’s remark that in the long run 
we shall all be dead Nor do all economic 
evils tend to cure themselves; human 
nature being what it is, there are social 
processes of degeneration that work 
cumulatively. The actual outcome was 
a mixed system of control by the imper¬ 
fect intelligence of individuals and con¬ 
trol by the imperfect intelligence of gov¬ 
ernments And toward the end of the 
nineteenth century the factor of govern¬ 
mental control was gaining ground even 
in Great Britain. Just as individual 
enterprise had become a mass phenome¬ 
non in a nation that accepted mercantil¬ 
ism in principle, so governmental plan¬ 
ning was becoming a mass phenomenon 
within a nation that accepted the prin¬ 
ciple of laissez-faire. 

IV 

While dwelling upon the difficulties 
encountered as the system of free enter¬ 
prise enfolded, we should not forget how 
that form of economic organization stim¬ 
ulated men to apply scientific discoveries 
to the work of the world* how industry 
in turn aided scientific research, how 
standards of living rose, death rates de¬ 


clined and population increased, how the 
Europeans spread over the earth ex¬ 
ploiting natural resources and backward 
peoples, or how mightily the leading 
commercial nations gained in power and 
prestige. Those are high lights in the 
dazzling picture of progress in the nine¬ 
teenth century, as seen by people of our 
culture. But the economic progress, so 
powerfully promoted by individualism, 
produced consequences that led the suc¬ 
cessful nations to tinker further with 
their economic organization. If the 
earlier stages in the resurgence of na¬ 
tional economic planning were due pri¬ 
marily to incidental defects in the work¬ 
ings of laissez-faire , the later stages were 
due primarily to results produced by the 
major successes of that system 

The growing economic prosperity of 
the nineteenth century pushed men closer 
together while it also widened the areas 
from which they drew supplies and over 
which they marketed products. Increas¬ 
ing density of population makes what 
one man does more important in number¬ 
less ways to the health and happiness of 
his neighbors Men feel the need of more 
common rules concerning what no one 
shall do and also concerning more things 
that everyone must do for the common¬ 
weal Government is the great agency 
for setting minimum standards of con¬ 
duct that must be enforced upon the 
recalcitrant, and so finds its functions 
multiplying as the interdependence of 
individuals becomes more intimate and 
intricate So also the wider geographic 
scope of economic organization exposes 
the modern man to more and more 
hazards that he cannot control, and he 
calls stridently upon his government for 
aid. Local regulations that served well 
enough in an earlier day are replaced by 
national rules, supplemented by inter¬ 
national conventions. 

This trend appears most clearly in 
American experience. 4 4 Rugged indi¬ 
vidualism” flourished upon the frontier. 
Laws were of slight help to the trapper 
and the squatter; they wanted little from 
the government But the farmers who 
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followed soon began demanding that the 
government aid them in getting facilities 
for shipping their produce to market; 
when these facilities had been provided 
they demanded that government regulate 
railroad rates; that government provide 
u cheap money”; later that government 
make grants to improve roads, set up 
land banks, subsidize exports of* surplus 
produce, extend protective duties to agri¬ 
culture, and so on. When we tell the 
story of American prosperity we stress 
the westward expansion as one of the 
brightest episodes and celebrate the 
sturdy enterprise of the pioneers that 
made it possible. But when we study 
the record in detail, we find the con¬ 
querors of the continent full of com¬ 
plaints concerning their economic plight, 
and insistent with the full force of their 
rugged personalities that government 
come to their aid. 

In other ways also the prosperity of 
the nineteenth century turned men ’s 
minds toward governmental planning. 
The extraordinary increase in the physi¬ 
cal volume of production made unprece¬ 
dented inroads upon the resources pro¬ 
vided by nature. So far as I know 
Stanley Jevons was the first economist 
to call attention to this feature. In the 
lS60’s he showed that British industry 
and commerce rested on a foundation of 
cheap coal, and that if the extraction of 
coal continued to grow as rapidly in the 
future as it had been growing in the 
recent past the commercially accessible 
deposits would be exhausted in no long 
time. Mineral deposits were irreplace¬ 
able by man, and the race might wreck 
its career by looting mother nature’s 
cupboard. Even abundantly endowed 
America took alarm over the destruc¬ 
tion of its timber resources, the drain 
on its reserves of anthracite, the waste 
of its natural gas and petroleum, and, 
most menacing of all in the long run, 
the depletion of its soils through reck¬ 
less cropping and erosion. The time 
span taken into account by individual 
enterprises was but as a day in the life 
of a nation. In manufacturing, trans¬ 


portation, commerce and finance this dif¬ 
ference might give rise to no grave 
troubles; but in the extractive industries 
a few generations of ruthless individuals 
might destroy the nation’s heritage to 
get a mess of pottage for themselves. 
To prevent that irremediable disaster the 
conservationists saw no other remedy 
than governmental regulation based upon 
long-range planning. 

Finally, the more completely any coun¬ 
try organized its economic life on the 
basis of making and spending money 
incomes, the more effectively it developed 
its natural resources, but the more did 
it suffer from recurrent business depres¬ 
sions. It seemed that the equilibrium 
among economic activities directed to¬ 
ward the making of profits was essen¬ 
tially unstable. Periods of rapid expan¬ 
sion never lasted more than three or four 
years. Some parts of the economic 
mechanism always expanded faster than 
others, and when the resulting stresses 
exceeded the limit of tolerance prosperity 
ended in a crisis followed by a period of 
contraction, from which business recov¬ 
ered only to repeat the same disillusion¬ 
ing round. Men learned some devices 
for mitigating the violence of crises and 
alleviating the sufferings of depression; 
there were times when some nations 
fondly believed that they had mastered 
the disease; but further experience cor¬ 
rected that optimistic error. And these 
rhythmical alternations in the fortunes 
of commercial nations produced cyclical 
fluctuations about the secular trends of 
laissez-faire and of governmental plan¬ 
ning. During the prosperous phases of 
business cycles men were minded to de¬ 
mand that government let business alone; 
during depressions they demanded gov¬ 
ernmental interventions of the most 
diverse kinds. In this way also govern¬ 
ments have been led to assume heavier 
responsibilities for stimulating, repress¬ 
ing and fc supplementing private enter¬ 
prise. 

Another concomitant of economic prog¬ 
ress that caused grave apprehension in 
many minds was the increasing disparity 



ECONOMIC EVOLUTION 


459 


in the size of individual fortunes and in 
the magnitude of business enterprises. 
The poor did not grow poorer, but the 
rich certainly grew richer. The one-man 
business did not disappear, but the bil- 
lion-dollar corporation came into exist¬ 
ence. Those who feared these trends in¬ 
voked governmental action to moderate 
them. Inheritance taxes, steeply-pro- 
gressive income taxes and anti-trust 
legislation of numerous sorts were in 
large part efforts to check the inequali¬ 
ties in economic success which a system 
of individual enterprise breeds. 


No other people had gone so far as 
the British toward accepting the doc¬ 
trine of laissez-faire, and, to the best 
of my knowledge, in no other country 
was the reversal of the trend in the latter 
part of the nineteenth century so clear. 
But a change of the same type can be 
discerned in the economic speculation 
and the practical policy of various other 
nations, among them the United States. 

Prom the outset, American policy had 
been an unstable mixture of national 
planning and reliance on the play of 
private enterprise. The severing of re¬ 
lations with Great Britain forced our 
ancestors to devise a formal plan for 
governing themselves. When their first 
plan, the Articles of Confederation, had 
proved itself inefficient, they drew a 
second plan providing for a stronger 
central government, and that worked 
better. The first Secretary of the Trea¬ 
sury under the Constitution plunged at 
once into national economic planning 
and scored a series of notable successes. 
Among other measures he induced Con¬ 
gress to adopt a mild protective tariff to 
stimulate domestic manufactures. After 
decades of acrimonious struggles over 
this issue, we built a high wall of tariffs 
around our borders, while practicing 
free trade within them. The more pow¬ 
erful our industries grew the higher the 
duties rose; for this is one form of gov¬ 
ernment planning that was guided sub¬ 


stantially by private enterprise itself. 
Early in our history we sought to de¬ 
velop a national transportation system 
of highways and waterways; later we 
put our trust in privately owned rail¬ 
roads, to which we made lavish grants 
of public lands; later still we subjected 
the railroads to a complex set of state and 
federal regulations. We devised plans 
that promoted the settlement of the 
public domain by independent farmers, 
and allowed our timber and mineral 
lands to be plundered in wasteful 
fashion. First as farmers clearing fields 
for the plow, then as lumbermen sup¬ 
plying a market, we slaughtered our 
forests; now perhaps the most carefully 
devised of our national plans aims to 
conserve what remains of our timber 
resources. For decades we complacently 
watched the tide of immigration rise; 
then we began excluding those whom we 
held to be undesirable aliens; recently 
we have adopted a systematic plan for 
limiting the number and supposedly im¬ 
proving the quality of those whom we 
admit. We lagged behind European 
countries in social legislation and in 
governmental ownership of public utili¬ 
ties, but we led in efforts to check the 
growth of monopolies and to compel 
business men to compete with one an¬ 
other. We have evinced a childlike 
faith in what we can accomplish by 
passing laws and a childlike vanity in 
our sturdy individualism. But more 
and more our individualism has ex¬ 
pressed itself in efforts to use the gov¬ 
ernment as an agency for attaining 
what we severally desire. 

This secular trend toward bolder and 
more varied economic planning by gov¬ 
ernments that prevailed in the western 
world during the closing decades of the 
nineteenth and the opening decade of 
the twentieth century was suddenly and 
enormously stimulated by the world war. 
Each of the belligerents felt compelled 
to mobilize its economic resources in 
order to maximize its military efficiency. 
Governments endeavored to control pro- 
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duction and consumption, imports and 
exports, railroads and shipping, employ¬ 
ment and investment, prices and finances. 
Vexatious as these schemes were felt to 
be, they wore approved by the citizens at 
large as essential to success. No comba¬ 
tant dared trust to the free play of indi¬ 
vidual enterprise when threatened by 
invasion. 

Though most of the governmental con¬ 
trols were released more or less promptly 
after the return of peace, there has been 
no such trend toward laissez-faire as fol¬ 
lowed the Napoleonic wars The collapse 
of the Czarist regime in Russia under the 
stress of war made it possible for a Com¬ 
munist party to seize control and initiate 
the most ambitious experiment in na¬ 
tional planning ever tried by a great 
country Italy has accepted Fascism and 
its plan of a “ corporative state ” Ger¬ 
many has entrusted her fortunes to a 
party that is trying to remold both the 
economic organization of the nation and 
its spirit The new states set up in 
Europe by the treaty of Versailles for 
the most part have followed a policy of 
extreme economic nationalism For a 
time Great Britain and the United States 
seemed to be working back toward pre¬ 
war conditions as rapidly as the unsettled 
state of world affairs allowed; but the 
grave economic errors perpetrated by 
private economic planning during the 
1920’s combined with the after-effects of 
the war to bring on the great depression 
of the early 1930’s, and with it a marked 
recrudescence of national planning. 
Great Britain gave up her historic gold 
standard for a managed currency and 
free trade for moderate protection. In 
the United States, discouraged by three 
years of ineffectual efforts to stem the 
growth of unemployment by an admin¬ 
istration that believed in “rugged indi¬ 
vidualism,” the electorate put in power 
a party whose leader promised a New 
Deal in economic affairs. Even France, 
which had withstood the earlier stages of 
the world depression most stubbornly, 
has installed a radical ministry pledged 
to sweeping economic reforms. 


VI 

To my mind, this cursory survey of 
the relations between the state and eco¬ 
nomic enterprise in the western world 
since 1776 suggests that we are m for 
more rather than for less governmental 
planning in the calculable future. Eco¬ 
nomic forecasting is a notoriously hazard¬ 
ous enterprise, and political forecasting 
is perhaps even more risky. But the 
chances of forming approximately cor¬ 
rect anticipations are best when we are 
dealing with a secular trend; when we 
can ascertain the more potent forces that 
have shaped this trend in the recent past, 
and when we have reason to believe that 
these forces will retain their character 
and their potency during the limited 
future of which we are thinking We 
expect technological progress to con¬ 
tinue; for it rests upon scientific dis¬ 
covery, which does not seem to be ap¬ 
proaching a limit, and upon man's desire 
to get larger returns for his economic 
efforts, which shows no signs of failing. 
Presumably, technological progress will 
continue to throw men out of work, to 
depreciate old investments, to shift 
sources of supply, to introduce novel 
products The growth of very large busi¬ 
ness enterprises has not been checked; 
the economic, political and social prob¬ 
lems to which their operations give rise 
have not been solved. In nations that 
retain a capitalistic organization these 
changes will bear heavily upon numerous 
individuals, while they benefit others 
largely. Economic life will continue to 
be full of uncertainties, and those who 
suffer mischances will follow the prece¬ 
dents our generation is setting and make 
even larger demands for government aid. 
Social security legislation is more likely 
to expand than to contract in the great 
democracies, and dictatorial governments 
will practice paternalism. Business 
enterprisers will increase their efforts to 
limit or suppress competition; for the 
more we mechanize industry and special¬ 
ize machinery, the heavier will be over¬ 
head costs and the more dangerous com¬ 
petition will become to vested interests. 
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The problems that the courts and the 
legislatures face in devising and enforc¬ 
ing rules of fair competition will grow 
more subtle and difficult. It will not be 
surprising if investors in great industries 
that are threatened with loss by tech¬ 
nological progress organize campaigns 
for government purchase and operation. 
The draft upon exhaustible natural re¬ 
sources will grow greater and the move¬ 
ment for conservation through govern¬ 
ment regulation will wax stronger Com¬ 
munities will become increasingly inter¬ 
dependent and the task of planning water 
supplies, sewage disposal, protection of 
streams against pollution, highway sys¬ 
tems, power lines and the like will be 
one in which the central governments 
will be forced to take a larger share 
Nor can we leave out of account the prob¬ 
ability of future wars and the practical 
certainty that if they occur between great 
nations, each belligerent government will 
seek to effect a more drastic economic 
mobilization than was effected in the 
latest world war It is most unlikely 
that this trend toward national economic 
planning will rise steadily. Its course 
will be diversified by accelerations and 
retardations, perhaps by some vigorous 
reactions toward laissez-faire. But the 
indications seem to me fairly clear that 
in the long run men will try increasingly 
to use the power and resources of their 
governments to solve their economic 
problems even in those nations that 
escape social revolutions And, if it 
should turn out that Communism, or the 
corporative state, or some as yet unchris¬ 
tened form of economic organization 
makes a stronger appeal to the mass of 
people than does the complicated mixture 
of private enterprise and governmental 
regulation that is evolving in the capital¬ 
istic nations, then social revolutions may 
sweep the world, presumably carrying 
with them drastic governmental control 
over economic activities. 

VII 

Whether we fear or welcome these 
prospects of an evolutionary trend or 
a revolutionary shift toward govern¬ 


mental regulation, we must all agree that 
the relation of the state to private enter¬ 
prise is a problem which the social 
sciences should join in attacking. 

No scientifically minded man nowadays 
will assume that the immediate aim of 
this attack should be to pronounce a ver¬ 
dict that laissez-faire is better than gov¬ 
ernmental regulation, or that govern¬ 
mental regulation is better than laissez- 
faire It is not the business of the social 
sciences to say what is good and what 
bad, all they can do is to trace functional 
relationships among social processes, and 
so elucidate the most effective means of 
attaining whatever ends we set ourselves. 
Nor should any one expect a demonstra¬ 
tion that private enterprise always begets 
one set of results, that governmental 
planning always begets a different set 
and that as citizens we have merely to 
choose which of the two sets we prefer 
The problem is not so simple as that On 
the contrary, it is a problem of numer¬ 
ous variables that may combine with one 
another in an indefinite number of ways, 
and a given combination may produce 
very different results when applied to 
different processes. Our choice does not 
lie between two sharply contrasted sys¬ 
tems, private enterprise and govern¬ 
mental regulations, the real choices that 
we shall be making more or less deliber¬ 
ately are choices among the indefinitely 
numerous possible mixtures of private 
enterprise and governmental regulation, 
as applied to this, that or the other type 
of activity, under different conditions of 
time and place. Hence the common at¬ 
tack of the social sciences upon this prob¬ 
lem should aim, not at finding “a solu¬ 
tion/ ’ but at finding methods by which 
communities can carry on intelligently 
the process of working out the endless 
series of detailed solutions with which 
they must keep experimenting. 

In dealing with this problem the social 
sciences are not confined to speculation. 
They have before them for analysis the 
experience of several autocratic govern¬ 
ments that are professing to guide the 
economic evolution of their nations ac¬ 
cording to some system and the experi- 
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enoe of several democratic peoples that 
are fumbling with the problem in dif¬ 
ferent ways. On paper, the methods of 
autocratic governments look the more 
imposing to an outsider; but how plans 
are really made in present-day Russia, 
Italy and Germany I do not know. Per¬ 
haps the processes that go on behind the 
scenes are admirably organized to make 
use of the best intelligence available. 
Perhaps the critically important deci¬ 
sions are made on an inspirational basis 
by a leader whose genius is trusted as 
the guiding star of the state. Or the 
controlling group may believe that it is 
applying in practice rules deduced from 
a scientifically established body of prin¬ 
ciples. Or there may be a confused 
and shifting struggle among ambitious 
cliques, each seeking the favor of the 
powers that be. Probably a mixture of 
these various elements prevails in all 
autocratic governments, one element pre¬ 
ponderating here, another there, one last 
year, another this year. Of course, it is 
part of the task of the social sciences 
to penetrate behind the stage sets painted 
by official propagandists, to find out as 
much as they can about how the national 
planning is actually done and to trace 
its consequences, direct and indirect, im¬ 
mediate and delayed, in social and polit¬ 
ical as well as in economic affairs. The 
rapidly growing literature about these 
experiments will become increasingly 
instructive if they are continued long 
enough to let their cumulative effects 
mature. But any one who glimpses the 
vastness and complexities of the re¬ 
searches called for will pardon me for 
considering only the processes of the 
democratic peoples, and primarily the 
people of this country. 

As said before, American methods of 
applying intelligence to the guidance of 
economic evolution have run the gamut 
from a rather extreme reliance upon indi¬ 
vidual enterprise under some circum¬ 
stances to a rather extreme reliance upon 
the federal government under other cir¬ 
cumstances. However, one simple gen¬ 
eralization may be ventured: we have 


seldom tried to work out national plana 
except when some considerable group 
among us has become seriously dissatis¬ 
fied with the results of private enterprise, 
or of private enterprise as regulatd by 
local or state governments. In the life 
of the nation, planning plays the rdle 
that thinking plays in individual life. 
Both processes are resorted to typically 
to find ways of surmounting difficulties 
that occur in the course of rontine be¬ 
havior. And just as our individual 
thinking is commonly directed toward an 
immediate, specific difficulty, so most of 
our efforts at national planning have 
dealt with some single need that has been 
keenly felt by groups sufficiently numer¬ 
ous or sufficiently powerful to command 
attention. Let me call this “piecemeal 
planning. ’ ’ Examples are campaigns for 
federal aid to develop turnpikes and 
canals in our early days, for protective 
duties on imports, for the abolition of 
slavery, for free silver, for reduction of 
railroad rates, for curbing the “trusts,” 
for “prohibition,” for old-age pensions, 
and so on almost without end. The 
groups pushing these plans have been 
animated at times by philanthropic zeal 
and at times by sordid interests; some 
groups have relied upon fervid appeals 
to the moral conscience, some upon frank 
presentation of economic claims, some 
have resorted to bribery. What they 
have in common is advocacy of a measure 
designed to accomplish some one change 
in social organization, with slight regard 
to its collateral and long-run effects upon 
other social interests. 

Of course piecemeal planning is defec¬ 
tive in principle, however high its aims 
and however generous the spirit that 
inspires it. Each of the social sciences 
has its own way of demonstrating that 
all social processes are interrelated. 
When we alter the conditions under 
which one process operates we are certain 
to affect other processes. Many of these 
unplanned effects are negligible, but 
some are important; among the latter 
effects some may be pleasant surprises 
but others are likely to be unpleasant. 
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Also we know when we stop to think that 
the long-run effects of our reforms often 
differ widely from the immediate effects 
that we intended to produce. However 
heartily we approve the abolition of 
slavery we must admit that emancipation 
as we effected it without regard to the 
cultural status of the slaves was attended 
by grievous results not only for the 
former masters but also for the freed- 
men and for the relations between the 
northern and the southern states. No 
measure is so good in itself that its advo¬ 
cates are justified in thinking only of 
its direct and immediate effects. In 
short, we are not making the best use of 
what limited intelligence we possess when 
we plan on a piecemeal basis. 

Though piecemeal planning is our com¬ 
mon method of attempting to use the 
powers of government, on occasions we 
devise programs dealing with many mat¬ 
ters at the same time. Every party plat¬ 
form makes pretensions to be a program 
of this sort; but we have learned not to 
take them seriously. Outstanding in¬ 
stances in our history are the adoption 
of the Articles of Confederation and the 
Constitution, the economic planning of 
Alexander Hamilton, the economic mobil¬ 
ization during the world war, and the 
attempt of our present administration to 
inaugurate a New Deal. In each in¬ 
stance, the country faced a grave emer¬ 
gency—only under such pressure have 
we ever set ourselves vigorously to the 
task of thinking out and putting into 
practice a comprehensive scheme of 
national policies. Two of these emer¬ 
gencies were produced by war, one by 
the inefficiency of existing political 
organization, two by economic troubles. 
When times are good, we let well enough 
alone. As yet we have not risen to the 
point of continuous systematic efforts to 
think out coordinated policies that will 
make what we deem satisfactory better 
still. 

Planning in the face of national emer¬ 
gencies is commonly handicapped by the 
need for quick action. There is not time 
enough to bring the nation’s full intelli¬ 
gence to bear upon the problem. The 


more intense the pressure the less the 
chance of doing a good job. The framers 
of the Constitution set an admirable 
precedent by taking time for delibera¬ 
tion ; but our later emergency plans have 
been hastily concocted. Of course the 
inspirations of a desperate moment are 
sometimes fortunate; but we do not trust 
to luck in our most rational activities. 
To design an efficient National Industrial 
Recovery Act is vastly more difficult than 
to design an efficient bridge across the 
Golden Gate. The one task we essayed in 
a fine frenzy of good intentions and 
rushed it through in short order; the 
other we performed deliberately after 
elaborate study of the geological as well 
as the mechanical factors involved. 

One reason why we act less rationally 
in devising national plans than in build¬ 
ing bridges is that the sciences of social 
behavior lag far behind the natural 
sciences in certainty. If economists, po¬ 
litical scientists and sociologists could 
tell us how certain proposals would work 
in practice with as much assurance as 
engineers can give, we would leave tech¬ 
nical matters largely to them. The lay¬ 
man is naturally disinclined to trust pro¬ 
fessions whose members seem to be con¬ 
tinually disagreeing with one another. 
That is a justifiable hesitation as matters 
stand. We might, however, if we chose, 
so alter the present status of affairs that 
we could make fuller use of the social 
sciences and, what is not less important, 
of the practical sagacity possessed by 
experienced citizens in many walks of 
life. 

What I have in mind is an attempt 
to organize ourselves for deliberate and 
systematic study of social problems. 
Organization is often a critically impor* 
tant factor in determining the efficiency 
of group action. The same men who 
made a mess of national government 
under the Articles of Confederation made 
a success of national government under 
the Constitution. It is conceivable (hat 
we of the present generation who flounder 
so in public policy might reach a de¬ 
cidedly higher level of efficiency by fol- 
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lowing the example of reorganization set 
by the Fathers of the Republic. 

Precisely what form an organization 
for the study of social problems should 
assume and how it should operate are 
delicate questions, but experience sug¬ 
gests some simple answers. First, the 
organization should be a continuing one, 
not like a constitutional convention that 
draws up a plan of government and ad¬ 
journs sine die; for social problems are 
ever assuming new forms and the task 
of dealing with them is never finished. 
Second, to be effective the organization 
should center in a small board, respon¬ 
sible not for making technical studies 
and formulating plans—that task calls 
for more technical knowledge and more 
insight than any small group possesses— 
but for seeing that studies are made and 
that plans are formulated. It would be 
the board’s task to make sure that in this 
work available knowledge is utilized to 
the full—not merely such contributions 
as social scientists could make, but also 
the contributions of experienced men of 
affairs, and the contributions of natural 
scientists, which are fundamental to 
many social problems. Also it would be 
the board’s particular care to see that 
before measures were proposed for deal¬ 
ing with one issue the collateral effects, 
direct and indirect, immediate and de¬ 
layed were considered. The board should 
endeavor to take up problems before they 
reach the emergency stage, while there is 
time for full consideration before reach¬ 
ing a decision. To enable it thus to focus 
the intelligence of the nation upon social 
problems of a wide and shifting range, 
the board should have a technical staff 
including men of many qualifications, 
means for obtaining professional assis¬ 
tance from any one whose counsel is 
needed and close contacts with govern¬ 
ment agencies, federal, state and local. 
It should foster the planning attitude 
toward public problems, cooperating with 
the state, regional and municipal plan¬ 
ning organizations in all parts of the 
country. Finally, it should give all the 
interests affected by the issues under con¬ 


sideration an opportunity to present their 
views before it formulates proposals. 

Sharing m the staff work of a National 
Planning Board would give social scien¬ 
tists a continuing opportunity of the sort 
that this Tercentenary Conference seeks 
to provide for a few days. The most 
effective way to secure genuine coopera¬ 
tion among men of different disciplines 
is to get them to unite in attacking com¬ 
mon problems The specialists who par¬ 
ticipated in seeking solutions for the con¬ 
crete problems taken up by a planning 
board would have facilities for thorough 
investigation, and they would have time 
to absorb in as large a measure as human 
limitations permit the significance of one 
another’s contributions While serving 
the Board they would also be promoting 
the tyj>e of knowledge that the world 
most desperately needs—knowledge of 
human behavior. 

An organization of this character 
would have the best chances of rendering 
service if it were accepted by public 
opinion as an agency of the federal gov¬ 
ernment, but an agency empowered 
merely to draw up plans for considera¬ 
tion by the constituted authorities or the 
voters. No doubt the outcome of the de¬ 
liberations upon many issues would be a 
recommendation to take no public action. 
In the many-faceted problem of how best 
to combine governmental regulation with 
private enterprise it might as often coun¬ 
sel a policy of laissez-faire as a policy of 
intervention. If I am right in forecast¬ 
ing a multitude of demands that the 
federal government extend its activities 
vigorously in the future, I may be right 
also in thinking that a planning organiza¬ 
tion, charged to study the collateral and 
the long-run effects of public policies, 
would be the best safeguard against ill- 
considered measures. Only the careless 
will jump to the conclusion that system¬ 
atic study of national problems by a 
federal agency would accelerate the trend 
toward governmental regulation. It 
might have the opposite effect. 

Needless to say, the most wisely guided 
organization for national planning would 
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encounter opposition. Every attempt to 
extend the role of intelligence over new 
areas seems to many persons presumptu¬ 
ous or silly. Despite the plainest ex¬ 
planations that the central board was 
merely a device for focussing the prac¬ 
tical wisdom and scientific knowledge 
of the whole community upon problems 
that have to be dealt with in some 
fashion, there would misunderstandings 
aplenty. Of course interests that thought 
themselves threatened would attack the 
organization with the weapons of preju¬ 
dice, misrepresentation and ridicule. 
Reformers in a hurry would wax indig¬ 
nant over the deliberate methods of a 
board that tried to foresee consequences 
before it recommended action Early 
friends who expected the prompt formu¬ 
lation of sweeping plans embodying their 
own predilections might be turned by 
disappointment into enemies Unless 
public opinion really believes that it is 
worth while to think carefully about 
social problems, no planning organiza¬ 
tion worthy of the name could last long 
in a democracy. 

Even if given a fair trial, the organiza¬ 
tion would find its technical tasks exceed¬ 
ingly difficult. Experienced men of 
affairs and social scientists know how 
hard it is to foresee the indirect and 
cumulative consequences of public poli¬ 
cies, to approximate social gains and 
social costs, to find the most efficient ways 
of accomplishing given ends. And the 
ends to be aimed at are not given; they 
must be chosen. There have been occa¬ 
sions in American history when public 
opinion accepted a definite end as para¬ 
mount; but these occasions have been 
rare and of brief duration. They vastly 
simplify the problem of national plan¬ 
ning. For example, economic mobiliza¬ 
tion during the world war was facilitated 
by the fact that a large majority of the 
people were ready to sacrifice comfort, 
property and life for military success. 
But seldom is the national scale of values 
thus crystallized in a single dominant 
pattern. As a rule numerous limited 


ends command wide support, but no one 
end is predominant. To make matters 
more puzzling, the widely popular ends 
are likely to conflict with one another. 
I suppose that at present most people 
think it desirable to balance the federal 
budget, to reduce taxation, to increase 
employment and to keep the unemployed 
from suffering hunger and cold. Most of 
the time a national planning organization 
would have to work amidst confusion of 
this sort. That condition makes plan¬ 
ning difficult, but not impossible. It is 
the condition that most individuals 
habitually face in their private planning. 
Somehow they manage to reach decisions 
despite the incompatibility among their 
desires. Presumably a wisely conducted 
planning organization could achieve a 
similar qualified success. In a demo¬ 
cratic country, national planners would 
have to serve as an agency for accom¬ 
plishing what the majority desired. But 
by throwing light upon the consequences 
that different lines of action would pro¬ 
duce, they could contribute much toward 
making social valuations more rational. 
Perhaps in the long run the chief gain 
from trying to plant national policies in 
the light of their probable consequences 
would be the attainment of a more valid 
scale of social values than now prevails 
among us. 

Whether this country is ready to 
organize its intelligence, practical and 
scientific, in an effort to guide the evolu¬ 
tion of its institutions more wisely, I do 
not know. But a bill creating a National 
Planning Board along the lines that I 
have followed is now pending in Con¬ 
gress We may prefer to continue for 
years our past policy of piecemeal plan¬ 
ning, supplemented in grave emergencies 
by sweeping changes made in a hurry. 
Or we may follow the example of those 
nations that have made a sudden plunge 
into fascism or communism. Our best 
chance of avoiding a dictatorship of some 
sort, with its compulsory regimentation 
of our lives, lies in infusing a larger 
measure of intelligence into our public 
policy. 
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It has been suggested by those respon¬ 
sible for the program of the Harvard 
Tercentenary that, as a conclusion to the 
discussions in fundamental science which 
have marked your deliberations for the 
past two weeks, it would be appropriate 
to consider some of the practical results 
attendant upon the attempts to utilize 
science in our industrial and social 
affairs. They have suggested further 
that some discussion of the efficacy of 
introducing the powerful tools of the 
research laboratory into industry might 
be in order and that recent advances in 
telephony would supply good illustrative 
material. 

In accepting their invitation I must 
express my appreciation of the honor 
they have conferred on the scientific men 
of the electrical communication industry 
and on me in designating me as their 
spokesman. 

By suggesting this sort of termination 
for the discussions, I assume that the 
Tercentenary Committee had in mind 
not only practical values of an economic 
kind but likewise practical values of a 
social nature. After all, unless we are 
clear as to the existence of social values 
and are prepared to appraise them hon¬ 
estly and be guided by the results of our 
appraisal, the dollars and cents values 
of our work are more likely than not to 
turn to ashes in our hands. 

The purpose which the Tercentenary 
Committee had in mind could be accom¬ 
plished by scrutiny of examples from 
almost any of the great modem indus¬ 
tries which have developed on the foun¬ 
dation facts, techniques and methods of 
science. None of them, however, I think 
more completely exemplifies the present 


and prospective economic and social 
values of practical applications of science 
than does that part of electrical commu¬ 
nication which we designate as teleph¬ 
ony. Nor is there any other in which, 
so far as I am aware, the fundamental 
principles of the scientific method have 
been extended so greatly to control accu¬ 
rately, uniformly and continuously the 
operation of a vast human and material 
mechanism. This control is imperative 
if the service is to have that degree of 
reliability demanded by the require¬ 
ments of a social and business society 
organized to a large extent on the as¬ 
sumption that satisfactory telephone ser¬ 
vice is always instantly available. 

Time does not permit any discussion 
in detail of how this has been made pos¬ 
sible nor is there any necessity here of 
such discussion. All that need be men¬ 
tioned is that among the principal fac¬ 
tors have been a fortunate development 
of fundamental science itself in regions 
applicable to electrical communication; 
in an early appreciation of the power 
for advancement inherent in the slow but 
certain results of rigorously controlled 
experimentation, and in the almost 
equally early realization that in any 
community or region telephony must be 
a single service but one in which the 
physical means and human methods of 
operation are so chosen as to act har¬ 
moniously with the means and methods 
employed everywhere else. 

Added to these and furnishing a rigid 
yardstick by which every new proposal 
must be measured is the fact that time is 
an all-important factor. On its purely 
physical side, two-way telephony to be 
of value must involve essentially inatan- 
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t&neous transmission of intelligence be¬ 
tween terminals; otherwise normal con¬ 
versation would not be possible. Nothing 
which introduces substantial deviation 
from this requirement is admissible, no 
matter how attractive it may be other¬ 
wise. 

Further, every telephone circuit, 
whether it be between terminals in adja¬ 
cent rooms or between those separated by 
half or more of the circumference of the 
earth, must be a cleared channel estab¬ 
lished with minimum delay on demand 
in order that the correspondents be 
brought immediately vis-i-vis. On the 
operational side, therefore, time is also 
an essential factor, and while it is inher¬ 
ently impossible to establish instantly 
any connection that may be asked for, 
everything that is reasonably possible 
is demanded to the end that every calling 
subscriber is served immediately on 
request. 

In no other social service I am familiar 
with does the element of time play such 
an imperious controlling part. 

While there are still vast areas both 
in the science and operational regions 
where we know that great progress is 
still possible, we have already gone suffi¬ 
ciently far in our development of the 
art to have telephone service begin to 
take on the form of complete universal¬ 
ity. With it have come marked changes 
in our methods of social and business 
intercourse, in our economic and political 
machinery and in the problems presented 
to our courts for adjudication. All these 
things and their corresponding elements 
in other industries have their roots in 
science, and whether or not we are con¬ 
scious of it, it is the possibilities and 
limitations of this science root structure 
which in the end will largely determine 
the resulting form of our society. 

So far have we gone already in per¬ 
fecting the adaptation of science to the 
art of telephony that most of us when 
we use the telephone are not even cog¬ 
nisant, except vaguely perhaps, of the 


fact that our ability to talk freely wher¬ 
ever and whenever we wish is the result 
of an infinite amount of work by the men 
in the laboratory. We are not conscious 
of the fact that these men have been and 
are being confronted daily with myriads 
of problems—all obstacles of one sort or 
another. Some they conquer and elimi¬ 
nate—some they learn to control and 
utilize. In the end, they have produced 
a gossamer web of filaments which, in 
spite of being beset with a multitude of 
enemies, they have succeeded in protect¬ 
ing and making available for its one and 
only function—that of enabling us to 
convey intelligible speech sounds to dis¬ 
tant places. So effectively has this work 
been done that in many instances the 
men and women who install and operate 
the telephone plant are themselves un¬ 
aware of the things done to make it 
smoothly operative. 

This taking-for-granted attitude on the 
part of the many is common in every 
technical application of science to our 
daily usage. From it and from its corol¬ 
lary—action of a social, political or 
economic character with little or no 
understanding of the underlying and 
controlling forces—come most of our 
problems of proper social control of these 
new things. One of the biggest, if not 
the biggest, problem ahead of us is the 
educational problem of teaching a vast 
population, which is becoming more and 
more dependent on the things of applied 
science, enough of their inherent possi¬ 
bilities and limitations so that they can 
operate the social controls without 
danger of wrecking the machinery. 

As one infinitesimal contribution to 
this educational problem and simply by 
way of illustrating in the field of teleph¬ 
ony a few of the problems research men 
are solving every day in a multitude 
of industries, I shall give you a few 
demonstrations of things not normally 
observable when we use the telephone but 
which constitute some of the hidden 
factors I have mentioned. I shall begin 
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by setting up a couple of telephone con¬ 
nections such as are regularly provided 
in the public service. This is merely to 
refresh your minds as to the results you 
obtain when you use the telephone Ex¬ 
cept for the fact that you will hear 
through a loud-speaking telephone, which 
for best results requires a transmission 
circuit slightly different from that ordi¬ 
narily employed with a hand telephone, 
the result of one connection at least will 
be commonplace to all of you who have 
occasion to employ the long distance tele¬ 
phone. The other, which will be a long 
distance conference call, may be strange 
to most of you, although it is coming into 
somewhat general use in business opera¬ 
tions Then we will pick these or a 
similar circuit apart a bit and show you 
a few of the many hidden forces which 
the research man has either had to over¬ 
come or develop and control in order to 
give the operating people and you long 
and complicated circuits which appar¬ 
ently operate like short and simple ones. 
I shall endeavor also to show you a few 
of the odd things which our knowledge 
of science has enabled us to utilize in 
giving types of telephone service which 
would otherwise be impossible. 

Finally, with the collaboration of Mr. 
Dudley, you will have a glimpse through 
the crack that the research man has made 
in the wall surrounding a hitherto unde¬ 
veloped field m the realm of communica¬ 
tion possibilities. 

All this is designed merely to give a 
springboard from which to project what 
seem to me a few plausible conclusions 
as to the social implications of scientific 
research in electrical communication and 
inferentially in many other fields as well. 

Before going on to the demonstrations, 
it may be of interest to note briefly by 
analogy and otherwise what our present 
telephone facilities here in the United 
States really provide and some of the 
grosser effects which would result from 
their substantial annihilation. 


Imagine direct railroad tracks from 
every city, village and hamlet to every 
other city, village and hamlet. Imagine 
a train on every track, steam up, ready 
to start at a moment’s notice to any 
destination. Imagine the track facilities 
so ample that, no matter how numerous 
the trains, there are no delays either in 
going or returning. Imagine, further, 
that the trains move with incredible 
speed which in many cases is virtually 
that of light Here we have in substance 
the achievement of modern telephony 
when we realize that the cargo on the 
trains is human thought as conveyed by 
the spoken word. Recalling the words 
which Emerson wrote years ago at the 
completion of the first Atlantic cable— 

The lightning has run masterless too long; 

He must to school and loarn his verb and noun 
And teach his nimbleness to earn bis wage, 
Spelling with guided tongue man's messages— 

how uncommonly prophetic these have 
proved! How well the lightning has 
learned his lesson! 

Without the telephone, modern tall 
buildings and the correlated extreme 
density of populations in many of our 
urban developments would be either im¬ 
possible or more encumbrances than aids 
to life and business. To carry by mes¬ 
senger the communications which enter 
and leave a tall office building by tele¬ 
phone during the rush hours, would 
block corridors and elevators and pro¬ 
duce unprecedented traffic jams in the 
streets outside. For every person who 
walks along a busy city street, the tele¬ 
phone enables a much larger number to 
project their thoughts and personalities 
along the circuits below the street. 
Usually the telephone delivers a message 
and brings an answer in less than the 
time it would take to transcribe it for a 
messenger. 

Merely to mention the number of calls 
completed each year over our American 
telephone system takes us at once into 
astronomical magnitudes. For the past 
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year, the number was twenty-five billion. 
While the major portion of these were 
local calls, a vast number were long dis¬ 
tance and, with added facilities and the 
prospect that through further research 
costs can be lowered, there is every 
reason to believe that the time is not 
far distant when the number will be 
increased many fold. 

When one attempts either by word of 
mouth or by demonstration to explain 
the recent problems of telephony and 
how they are being overcome, he finds 
that he has a uniquely difficult piece of 
work in hand. He must discourse upon 
a structure, the long telephone line, 
which neither he nor any one in his 
audience has ever seen in its entirety, 
and he must, unless addressing a group 
of his own kind, put into words a host of 
concepts which find their proper expres¬ 
sion only in mathematical symbols and 
processes or in the special language of 
the physicist. If I could transport you 
rapidly out across the continent three 
thousand miles or so, thus enabling you 
in the course of a few minutes to visualize 
what a complex thing a modern long dis¬ 
tance telephone line actually is, I might 
hope to convey to you a superficial con¬ 
ception of the elaborate and fragile thing 
I am talking about. Only thus would 
many of you sense how remarkable it is 
that this frail far-flung structure should 
be endowed with surprising electrical 
stability and immunity to meteorological 
and man-made disturbances. 

Were we to make such a flight, what 
actually would we find over and above 
the pairs of wires which every one recog¬ 
nizes as among the constituents of all 
telephone circuits—the wires which in 
one form, the open or exposed form, de 
Chavannes depicted in his painting in 
the Boston Public Library? We would 
find as a matter of fact, that these pairs 
of open wires represent a type of con¬ 
struction which is now rather in the 
minority even for long distance teleph¬ 


ony. For reasons of better protection 
and stability, particularly in regard to 
electrical leakage, the wires composing 
even very long circuits are now fre¬ 
quently packed tightly together and 
enveloped in an impervious lead sheath 
to form a cable in which neutral gas, 
such as nitrogen, is maintained under 
pressure. 

Continuing our imaginary flight, we 
would encounter on each of the hundreds 
of pairs of wires within each cable and 
at absolutely regular intervals varying 
from about five eighths mile to one and 
one eighth miles on different circuits, a 
loading coil—a coil of wire on a special 
magnetic core whose function is to assist 
the speech currents, as they travel, to 
overcome the large attenuating effect of 
the electrostatic capacity of the tightly 
packed wires. These coils, of which there 
may be as many as two or three thousand 
called into play in the handling of a 
single message, must be identical to a 
degree characteristic of the watchmak¬ 
er’s precision. Next, there is the re¬ 
peated and uniform twisting of each pair 
of wires at its own particular pitch to 
secure such nicety of balance, both elec¬ 
trostatic and electromagnetic, that not 
more than a millionth of the power of a 
telephone circuit will pass over induc¬ 
tively to any neighboring circuit. Then 
at intervals of fifty miles for certain 
types of cables, and at shorter intervals— 
even as low as ten miles on certain newly 
projected types—we would encounter the 
thermionic amplifiers which restore the 
message energy after attenuation by re¬ 
sistance and other forms of dissipation. 
Closely associated with certain of these 
amplifiers are the regulators which auto¬ 
matically counteract the effect of changes 
in conductor resistance induced by 
changes in temperature. As an illustra¬ 
tion of how important the regulators are, 
they must allow the total amplification of 
a long circuit to increase between winter 
and summer by as much as the factor 
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10*°. Then too there are the smaller 
diurnal variations which it is even more 
important to compensate for automati¬ 
cally because they are naturally of a very 
irregular pattern. The emergence of the 
sun from behind clouds or an icy blast 
along one section of a toll cable is regis¬ 
tered almost immediately by a large 
alteration in the attenuation of the cir¬ 
cuits within it. In case a cable is placed 
underground, the temperature changes 
to which it is subjected are of course of 
smaller amplitude and longer period, but 
for them too it has been found best to 
compensate on the automatic pilot wire 
basis 

In our overland flight we would actu¬ 
ally see many other essential telephonic 
devices which cooperate to insure the 
steady and uninterrupted operation of 
the lines, but since our time is limited I 
must stop with the bolder details of the 
picture. I hope they will be sufficient to 
give you at least some visualization of 
what science has enabled the telephone 
engineer to accomplish. So stable in 
operation is the telephone plant of to-day 
that in spite of the apparently fragile 
nature of its long lines, which in turn 
depend upon the uninterrupted func¬ 
tioning of many thousands of delicate 
electronic devices, it iB available every 
hour of the day, day in and out. Along 
with growth in reliability, despite an 
ever-increasing dependence on delicate 
structures, has come a marked increase 
in the amount and scope of facilities as 
a result of the continually decreasing 
cost of circuits brought about by re¬ 
search. This combination of enhanced 
reliability, at cost sufficiently low to per¬ 
mit circuits to be provided in profusion, 
has made it possible for you to reach a 
distant party without leaving the tele¬ 
phone and has made operating delays a 
rarity rather than a commonplace. 

To illustrate this point I am going to 
place one or two long distance calls. 
Even after thirty odd years’ intimate 


association with telephone development, 
I still confess to a certain awe at the 
speed with which the telephone operators 
are to-day able to transport one about 
the country. In a sense, we are about to 
bring that painting by de Chavannes to 
life, and because I want you to hear with 
me how the girls operate the circuits I 
have arranged that whatever is audible 
on this telephone will also be reproduced 
by the loud speakers which you see here 
on the stage. The first call I will place 
will be for Dr. Millikan in Pasadena. 

Boston A Operator: “Number, please.** 

Dr. Jewett says: “I would like to talk to 
Pasadena, Calif.** 

Boston A Operator: 1 ‘ I will connect you with 
the toll operator.** 

Audience hears click. 

Boston ToU Operator: “Toll Operator.** 

Dr. Jewett: “I would like to talk to Dr. 
Millikan at Pasadena, Calif., Terrace 7125. * * 
Boston Toll Operator: “Hold the line, 
please. * * 

Audience hears several clicks as toll operator 
rings New York. 

N . Y. Inward Operator answers: “New 
York.** 

Boston Toll Operator says: “BX.** 

N. Y. Inward Operator says: “Bight.** 

N. Y. Through Operator answers: “BX.** 
Boston Toll Operator says: “Los Angeles.’* 
N. Y. Through Operator says: “Bight.** 
Audience hears several clicks as toll operator 
rings Los Angeles. 

Los Angeles Operator answers: “Los An¬ 
geles.’* 

Boston Toll Operator says: “Terrace 7125.** 
Los Angeles Inward Operator says: * 1 Bight. * ’ 
Boston Toll Operator says: “Your number, 
please. * * 

Dr. Jewett says: “Hancock 0514.** 

Audience hears audible ringing at Los Angeles. 
Dr . Millikan's office answers: “This is Ter¬ 
race 7125.** 

Boston Toll Operator says: “Dr. Millikan, 
please, Boston is calling. ’ * 

Dr. Millikan answers: “This is Dr. Millikan 
speaking. * ’ 

Boston ToU Operator says: “Beady with 
Pasadena. * * 

(A brief dialogue followed in which Profes¬ 
sor Millikan said that, as he had been prevented 
from attending the Tercentenary in person, he 
was particularly pleased at having the oppor¬ 
tunity to participate telephonically in the event*) 
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I will next have you listen in on what 
we term a conference call. Such calls 
require a certain amount of prearrange¬ 
ment, depending upon the number of 
participants. In the present instance, 
I have asked five gentlemen in five differ¬ 
ent cities to participate. The five cities 
are New York, Chicago, St. Louis, San 
Francisco and Atlanta, and the five 
speakers are intimate telephone associ¬ 
ates of mine. 

As you have doubtless already in¬ 
ferred, the conference call brings several 
persons together in telephonic communi¬ 
cation so that each can speak and listen 
to ail the others. Conference calls, al¬ 
though but recently introduced, are much 
in demand, and I need not, I think, argue 
at any length the case for their signifi¬ 
cance in working out what appears to be 
the destiny of the telephone as providing 
a national nervous system. Through 
prearrangements these associates of mine 
have just been connected to us through 
the conference system and I will now 
talk with them. 

“Good afternoon, gentlemen! I am speaking 
from Sanders Theater in Cambridge, where 
about 1,200 guests of the Harvard Tercentenary 
are assembled. I have just explained what a 
conference call is and now I want to show the 
audience that those who participate in such a 
call are in effect seated together around a table. 
I shall not call a roll but suppose each of you 
gentlemen announce yourself and your location . 19 
(There followed brief exchanges of remarks 
among the five participants.) 

So much by way of refreshing your 
minds on what normal telephone calls 
are like. I am now going to take a long 
circuit similar to those we have just used 
and perform some experiments with it 
merely to show you a few of the obstacles 
with which the research men have had to 
contend in order to give us our appar¬ 
ently simple circuits. 

It won’t be practicable to have the cir¬ 
cuit here before you because it is actu¬ 
ally 1,700 miles long and extends in cable 
from Cambridge to Charlotte, N. C., and 
back. You will have to take my word 


for it therefore when I say that it in¬ 
cludes approximately 3,000 loading coils, 
40 equally spaced vacuum tube ampli¬ 
fiers, pilot wire regulators which control 
their gain to compensate for changes in 
temperature, and other devices, such as 
echo suppressors, the purpose of which 
I will return to in a moment. You will 
not, however, have to take my word for 
the curious phenomena which such a cir¬ 
cuit exhibits—phenomena which are dis¬ 
played best in a very long circuit—be¬ 
cause with the aid of the loud speakers 
you will all be able to observe the cir¬ 
cuit’s performance when normal condi¬ 
tions of operation are disturbed. 

At the outset let me say a word or two 
as to a basic characteristic of long speech 
highways in which they differ funda¬ 
mentally from other highways. The 
telephonic highway must respond as a 
single unit from end to end or not at all. 
It is a single entity, almost a living 
organism which, if disturbed at one 
point, reacts throughout. As a coordi¬ 
nated, balanced and self-contained unit, 
it is undoubtedly the most extended 
structure man has thus far built. Not 
like the highways for rolling stock which 
may be torn up for considerable sections 
without interrupting the flow of through 
traffic, we must consider the telephone 
line, even though thousands of miles 
long, as a single integrated entity. This 
characteristic underlies the demonstra¬ 
tions I have arranged. 

Familiarity on your part with the 
general functioning of the vacuum tube, 
now indispensable as an amplifier in all 
forms of electrical communication, I 
must assume. We will pass on at once 
to consider the degree of perfection as 
regards accuracy and stability to which 
the device has been brought in the tele¬ 
phone plant. As I mentioned earlier, I 
have here the terminals of a circuit 1,700 
miles long which is looped down to Char¬ 
lotte, N. C., and which contains 40 ampli¬ 
fiers, each supplying an average gain 
rather greater than ten-fold. This gain 
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is required, since at each amplifier the 
speech current has been attenuated by 
resistance and other losses to about the 
value it must have at the receiving ter¬ 
minal. Further transmission without 
distortionless amplification would so 
weaken the current as to make it useless. 
A graph of current along the line would 
present a saw-tooth appearance—the 
value on reaching each repeater or ampli¬ 
fier being a minimum and beyond each 
amplifier being substantially that at the 
sending end. 

Since the speech current passes through 
each amplifier successively, it receives 
this ten-fold boost at each so that after 
having passed the second amplifier the 
total gain is 10x10; at the third, it is 
10 x 10 x 10, and the total amplification 
from end to end of the circuit is 10 40 , 
i.e., 10 with 39 naughts after it. Here 
indeed we are dealing with astronomical 
magnitudes. In terms of a more fa¬ 
miliar physical quantity, this is multi¬ 
plication about equivalent to taking a 
single atom of hydrogen and magnifying 
it until it fills the entire solar system. 
Surprising as it is that such amplifica¬ 
tions are attainable, it is even more un¬ 
expected to find them produced as an 
everyday affair with so little distortion 
that the final product at the receiving 
end is essentially indistinguishable from 
the original and so perfectly under con¬ 
trol that the overall variation in magni¬ 
tude is negligible. Just to verify that 
there is no perceptible distortion I will 
ask Mr. Thompson, one of my assistants, 
to enter the booth in the corner and 
speak to you, first directly through the 
loud speakers and then over the 1,700- 
mile looped circuit. (From the booth 
Mr. Thompson spoke as follows.) 

* 1 1 am now talking to you from the booth on 
the stage and speaking directly through the loud 
speakers n 

(Click)-(Pause). 

“Now you hear me through 1,700 miles of 
cable circuit.” 

(Pause)-(Click). 

“Now the cable has been removed again. M 

(Pause)-(Click). 


44 And now you hear me through it. I doubt 
if you notice any appreciable difference in my 
voice whether it reaches you direct or through 
this 1,700 mile line.” (Dr. Jewett then 
resumed.) 

Such speech transmission represents 
the present culmination of a prolonged 
study of circuit characteristics and 
countless laboratory investigations to 
discover the best instrumentalities. It 
would scarcely exceed the truth to say 
that we are dealing here with the same 
perfect balancing of processes that a liv¬ 
ing body displays and which nature has 
attained after speculative ages of evolu¬ 
tion. If, for example, the speech cur¬ 
rent at any point in the circuit is per¬ 
mitted to rise substantially, the capacity 
of the next amplifier will be exceeded, 
with resultant distortion. This effect 
can readily be illustrated. To do this I 
will again ask Mr. Thompson from his 
vantage point in the booth to speak over 
the circuit first in its normal adjustment 
and then with one of the amplifiers sub¬ 
jected to overload conditions and you 
will have no difficulty in distinguishing 
between the two conditions. When one 
amplifier is overloaded his words are 
scarcely recognizable. 

Under-amplification represents an 
equally serious menace to satisfactory 
transmission. It results in the message 
current being masked by the stray elec¬ 
tric currents present on every long line. 
The telephonic currents must at all times 
exceed these stray currents by a suitable 
margin to prevent loss of intelligibility. 
(Here Mr. Thompson spoke again over 
the circuit—first in its normal condition, 
and then under somewhat exaggerated 
conditions by increasing the noise at the 
expense of his voice.) 

To a certain extent, the telephone engi¬ 
neer can control the noise level on his 
circuits, i.e., the magnitude of the stray 
electric currents with "which his message 
currents must compete. By the mainte¬ 
nance *of perfect electric and magnetic 
balance with respect to all neighboring 
circuits—telephone, telegraph and power 





ELECTRICAL COMMUNICATION 


473 


—it would be possible theoretically to 
eliminate the currents, since they are 
due to induction. Perfect balance is out 
of the question as a practical matter, 
however, for circuits of the existing art. 
What the telephone engineer is con¬ 
cerned with is that degree of perfection 
which it is economical to attain and 
maintain. In other words, his balance 
must admit of economic as well as elec¬ 
trical and magnetic considerations. 

There are certain types of telephone 
circuits, such as the new coaxial cable 
being installed between New York and 
Philadelphia, quite different from those 
we are using to-day and not yet in com¬ 
mercial operation but whose develop¬ 
ment is well advanced, which do permit 
either of perfect electric balancing or of 
shielding against outside disturbances. 
Even in these circuits, however, the noise 
factor still sets limits of attenuation and 
amplification. In this case it is not the 
noise of induction but is the noise re¬ 
sulting from the random motion of the 
conduction electrons in the wires them¬ 
selves with which we have to deal. 

One way of conceiving of the noise of 
random motion is this: We may think 
of electricity in a metallic conductor as 
forming a level sea. The heat motion 
of the molecules of the metal set up tiny 
waves on this ocean that strike and 
break against the ends of the conductor, 
(liven enough amplification we can hear 
the surf of the electric sea beating on its 
shores. 

I have here three similar resistances 
of wire wound on quartz supports. They 
may be connected in turn to a high-gain 
amplifier and the loud speaker so that 
their natural state of electrical unrest 
can be heard. One is cooled in liquid 
air, one is at room temperature, and the 
third is heated to red heat in an electric 
furnace. Connecting in first the coil at 
room temperature you hear the hissing 
of the electric surf quite plainly. Of 
course the current of random motion is 
extremely small, the amplification being 
such that the current actuating the loud 


speaker is approximately one hundred 
million times the rapid current surges 
in the resistance itself. 

Now I will let you hear the louder hiss 
of the hot resistance and then the gentler 
hiss of the cold one 

Practically, of course, we can not 
evade this limiting disturbance by cool¬ 
ing our telephone lines in liquid air. In¬ 
stead, since the internal noise of the 
metal affects the entire audible range of 
frequencies, w f c have to make certain al¬ 
ways that our man-made speech waves 
are higher than the waves of heat motion 
anyw f here and everywhere in the circuit. 

In this respect the inherent molecular 
noise is more difficult to cope with thun 
the noise of induetive interference, since 
there is no way of filtering it out from 
the speech currents. 

Let us turn now to quite another 
problem Telephone engineers are com¬ 
monly concerned with transmitting 
speech ill two directions. Sometimes 
this is done over a single pair of wires, 
and at other times a separate pair of 
wires or transmission path is provided 
for each direction of transmission over 
the major portion of the distance. In 
either ease, at least at the terminals, there 
is a common circuit. 

It is practically impossible at the 
terminals to arrange matters so that the 
energy of the telephonic current is com¬ 
pletely absorbed in the receiver. What 
is not absorbed is, of course, reflected 
back toward the transmitting end. 

Such reflections, together with the 
fact that m long circuits the electric 
waves take a noticeable, though very 
short, time for transmission, create echo 
effects. In the case of our present cir¬ 
cuit it takes 0.13 second for the current 
to travel 850 miles and return—a total 
of 1,700 miles. This means that the 
person at the transmitting end of such 
an 850-mile two-way circuit will hear an 
echo of his own voice reflected from the 
farther end unless means are taken to 
prevent it. This echo returns in 0.13 
second. I will now set up the former 
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circuit to show you how such an echo 
sounds J will ask Mr. Thompson first 
to tap his transmitter several times, and 
then speak a number of words with a 
pause after each one. Each time he does 
so, if you listen closely you will hear the 
echo caused by the current which has 
traveled to North Carolina and back. 
Now, Mr Thompson, will you pjease tap. 

Tap Tap— Tap—Tap— Tap— Tap— 

Now will you please say a few words 
tap-- 

This is is is the-e 300th->th an n mver sary-y 
of llarvaid-id Un-n iver isitv-y 

On long circuits such as this one where 
echoes are a factor, the telephone engin¬ 
eers have been forced to devise echo sup¬ 
pressors in order to block out the echo 
currents and thus prevent tlieir disturb¬ 
ing the speakers. 

Actually, of course, we frequently have 
reflection not only at the far end of the 
circuit but again at the sending end, so 
that the energy will be reflected back 
and forth several times. These multiple 
echoes can be demonstrated also 1 will 
ask Mr. Thompson to repeat. 


This phenomenon of reechoing or mul¬ 
tiple echoes can be followed further if 1 
have the amplification here in the theater 
increased gradually as the echoes tend 
to drop off, thus keeping them more or 
less at constant volume and having the 
sound finally buried in noise. 

tap- tap—— 

repeated 30 or 40 times and gradually diminu¬ 
endo, while the circuit noise at first inaudible 
incmiNPa until finally it overpowers the taps. 

The phenomenon of reflection, aside 
from being troublesome when it pro¬ 
duces echoes, also places a stability re¬ 
quirement upon our thermionic ampli¬ 
fiers—the telephone repeaters. In a 
long circuit, were even one or two of 
them sufficiently unstable so as to in¬ 
crease their gain materially, the reflected 
currents would be large enough to cause 


sustained oscillation or singing of the 
circuit as a whole. In the case of a cir¬ 
cuit with many repeater#, the telephone 
engineer must make certain that spon¬ 
taneous fluctuations in gain are reduced 
to a negligible percentage. The circuit 
which I have been demonstrating can 
readily be unbalanced to the point of 
singing, and you might be interested in 
hearing the result. While Mr, Thompson 
speaks the singing condition will be in¬ 
troduced and you will note how his 
words are gradually lost in the more or 
less pure tone which is generated by the 
oscillating condition 

Turning from these transmission con¬ 
siderations, let us inquire a little into 
speech itself. I mentioned a few’ mo¬ 
ments ago that by the preservation of 
proper balance between adjacent circuits 
they w’ill not seriously crosstalk into one 
another; in other words, transmission by 
wire is secret. But. when w r e come to 
radio transmission w r e can not safeguard 
our messages in the same way The 
ether is a world-wide party line, and no 
matter what special type of radio sys¬ 
tem is resorted to, an eavesdropper can 
readily succeed in tapping the transmis¬ 
sion. To insure privacy it therefore be¬ 
comes necessary to operate on speech 
itself—before transmission—to tlirow r it 
into some hopelessly unintelligible form, 
hut of course wdth the assurance that at 
the receiving end it will be possible by 
providing an inverse correcting device 
to restore the speech to intelligible form 
before it goes to the subscriber. 

Many radio receivers in general home 
use to-day are capable of listening to 
short wave stations around the world 
as well as to broadcasting stations. Be¬ 
cause of this, it w r ould be feasible for the 
broadcasting listeners to overhear con¬ 
versations over commercial radio tele¬ 
phone circuits if preventive measures 
were not applied, In order to insure 
privacy to the users of transatlantic ser¬ 
vice, so-called privacy apparatus is con¬ 
nected in the transmitting and receiving 
circuits of the radio links. This appa- 
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ratus takes the normal speech from the 
subscriber and mutilates it in such a way 
that, if it is picked up on the air, it will 
be unintelligible to the eavesdropper. 
The proper apparatus in the commercial 
radio link at the receiving point restores 
the mutilated speech to original form so 
that the subscriber at the other end is 
unaware that any transformation has 
taken place 

Two types of privacy devices are in 
general use in our overseas services. The 
first type is known as the inverter and 
the second type is known as the band- 
splitting system These devices I will 
demonstrate by connecting the loud 
speakers here to a circuit to New York, 
from which point you will hear Mr 
Joseph Richey, chief overseas technical 
operator, speaking to you and making 
use of the regular equipment there. 
(Mr Richey showed how by switching 
in one of the privacy devices lie could at 
will make his words quite unintelligible. 
He also recorded a bit of this unintel¬ 
ligible speech on a phonograph record 
and showed how its clarity could be re¬ 
stored by transmission through the com¬ 
plementary deviee ) 

Now for a look through the crack into 
the undeveloped realm previously men¬ 
tioned. This involves quite a different 
approach which we have been making to 
the subject of speech. Superficially it 
is rather amusing. 

In this development our research men 
have sought to analyze the fundamentals 
of speech production with surprising re¬ 
sults. They have found that intelligible 
speech is produced by relatively few con¬ 
trolling factors of the speech mechanism 
and that by analyzing speech instantane¬ 
ously to obtain quantitatively the values 
of these controlling factors surprisingly 
accurate reproduction of the original 
speech can be obtained by applying cur¬ 
rents representing these factors to a 
proper electrical synthesizer which re¬ 
produces speech in its original form. 

The method, as you will witness in a 


moment, is also capable of producing 
some very weird effects. 

All this work is very recent, and this 
occasion is the first public statement of 
it, as nothing has yet been published in 
the scientific journals Time will not 
permit of anything more than a sketchy 
statement of the general method and a 
few demonstrations of results. 

Before introducing Mr Dudley, the 
man primarily responsible for this amaz¬ 
ing piece of work, who will conduct the 
demonstrations and give you such ex¬ 
planation as time permits, I may be per¬ 
mitted to say just a further word or two 
by way of preliminary explanation. 

As to the analysis, wt find that speech 
consists inherently of tw r o—1 rather hesi¬ 
tate to state the fact- not musical or 
dulcet tones—nothing more nor less than 
tw r o noises. We shall let you listen to 
these noises. Then we shall show that 
when modulated properly and mixed 
properly, the result is perfectly accept¬ 
able speech Each of the noises has a 
pitch characteristic, and each of course 
has a loudness characteristic. These are 
analyzed and the result applied to the 
synthesizer. 

Before proceeding further with the 
explanation, I ought to mention that 
this investigation is still very much of a 
laboratory affair. It w r i!l be necessary 
for us in effect to visit the laboratory in 
New r York in order to witness a demon¬ 
stration (At this point Mr. Dudley 
demonstrated how* successfully his ma¬ 
chine could mimic the voice both w'hen 
speaking and singing. Dr. Jewett then 
concluded as follows.) 

These few demonstrations and all that 
we have told you are but minute ex¬ 
amples of the results that have come 
from organized scientific research in the 
one field of electrical communication. 
Most of what w r e now have or of what we 
envisage for the future could not have 
been obtained except through rigorous 
application of the facts and methods of 
science in a broad frontal attack such as 
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organized cooperative effort alone can 
make. It is not too much to expect that 
a continuation of the method will ulti¬ 
mately result in the substantial destruc¬ 
tion of the barrier to conversation wher¬ 
ever and whenever desired which dis¬ 
tance has imposed in the past. Since 
there is even now no physical obstacle 
of distance, this is simply another way 
of saying that a continuation of organ¬ 
ized research gives promise of providing 
speech channels so numerous and rela¬ 
tively so cheap that the economic bar¬ 
riers to full usage will be obliterated. 

When this time comes, society for the 
first time in its long evolutionary history 
will, through the varied forms of elec¬ 
trical communication, have a complete 
nervous system. In many respects it 
will present striking similarities to 
man’s nervous system. It can not help 
but speed up what Spencer termed 
superorganic evolution and will in fact 
make possible a type of political state 
which could not develop without it. 

Time does not permit any elaboration 
of the effects on society of this oblitera¬ 
tion of distance as they influence the 
action and interaction of our human 
social atoms. My purpose here to-day 
has been served if I have conveyed to 
you some understanding of what scien¬ 
tific research in the communication field 
has already done and what it seems pre¬ 
pared to do in the future in the way of 
putting men everywhere in position to 
act with the same facilities, as regards 
interchange of ideas, as if they were in 
one room. 

One could spend hours developing in 
detail the multitude of ways in which 
the things evolved by organized scientific 
research in the field of electrical com¬ 
munication have influenced our modes of 
life. When all is said, however, the 
broad implications are to be found in 
the result just mentioned, namely, that 
through it we have already gpne a long 
way toward providing society with a 


complete nervous system and have every 
prospect of finishing the job. 

My purpose has been served further 
if it has given you a better idea of the 
vast power in coordinated research for 
solving incredibly intricate problems of 
a very practical nature and for develop¬ 
ing adequate controls over multitudinous 
conflicting forces in such simple form 
that they can be operated easily by essen¬ 
tially unskilled people. 

What organized scientific research has 
done and is doing in the field of com¬ 
munication is being repeated in a host 
of other fields. Everywhere there is 
growing evidence that the power inher¬ 
ent in the scientific method when applied 
to the prosaic affairs of everyday life is 
coming more and more to be understood. 

The ever increasing flood of new tools 
which fundamental and applied science 
are giving us is obvious. So, too, are the 
initial results on society of their mass 
introduction into it. What is not so 
obvious are the processes by which they 
will gradually be fitted smoothly into an 
orderly society built up around them. 

The one thing that is quite clear to me 
is that since these new tools are the 
direct result of operating a powerful 
method by skilled people, it is impera¬ 
tive if full social value is to be obtained 
that the method which produced them 
be extended and that men and women be 
truly trained to apply it—not to pro¬ 
duce new things but show us how 
properly to use them. In this it will not 
suffice to do what we have so frequently 
done in the past, feel that we are making 
progress by giving things awe-inspiring 
titles which serve merely to cloak shal¬ 
lowness of understanding. 

To the extent, however, that we are 
able to introduce the elements of this 
proven method of rigidly controlled and 
coordinated experimentation into the 
stream of our social and political evolu¬ 
tion, to» that extent will we be able to 
simplify and expedite our progress. 
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THE CELEBRATION OF THE HARVARD TERCENTENARY 


Harvard University celebrated the 
three hundredth anniversary of its foun¬ 
dation on September 16, 17 and 18. 
Preceding the ceremonies there was a 
Conference of Arts and Sciences, held 
from August 31 to September 12. At 
this conference some seventy papers and 
addresses were presented by leading 
scholars and scientific men from the 
United States and from fourteen foreign 
countries. The Scientific Monthly 
has the privilege of printing in the pres¬ 
ent issue a number of these addresses and 
thus is enabled to do its part toward 
demonstrating the remarkable character 
of the program commemorating an event 
unparalleled in the history of American 
education. 

The three tercentenary days opened 
with a reception in Sanders Theater on 
the afternoon of September 16, when 
each of the 551 delegates was greeted by 
President Conant. Their reception was 
followed by an address by him to which 
a response on behalf of all the delegates 
was made in French by the senior dele¬ 
gate from the University of Paris, the 
mathematician Professor Elie Cartau 
After the reception tea was served in the 
delta or yard of Memorial Hall. In the 
evening the Boston Symphony Orchestra 
gave a concert under the direction of Dr. 
Sergei Koussevitsky. There were other 
symphony concerts on the two following 
days, at the latter of which there were 
choruses sung by the Tercentenary 
Chorus made up of present and former 
members of the Harvard Glee Club and 
the Radcliffe Choral Society. 

The meeting of the Associated Harvard 
Clubs was the feature of the morning of 
Alumni Day, September 17. Following 
a service of thanksgiving and remem¬ 
brance in the Memorial Church, a meet¬ 
ing was held in the tercentenary theater 
set up in the Harvard yard with seats 


for 15,000 people. After the roll of 
classes had been called President Conant 
reported on the contents of the package 
which was sealed in 1836 by President 
Josiah Quincy. The package contained 
letters written by alumni in answer to 
the invitation to the two hundredth anni¬ 
versary celebration of the university. 
After quoting from those documents, 
President Conant sealed a similar pack¬ 
age to be opened by the president of the 
university in 2036. 

There were speeches by three under¬ 
graduate students, the unveiling of a 
bust of the late Dean Briggs, the presen¬ 
tation of gifts from alumni in China and 
Japan and of a gift of $5,000 from men 
not graduates of Harvard. The faculties 
of the university gave a luncheon in 
Memorial Hall in honor of the visiting 
delegates. Informal speeches were de¬ 
livered by five delegates, representing 
universities of Europe, Asia and South 
America, and by one delegate who voiced 
the good-will of universities of the United 
States. These were Sir Frederick G. 
Hopkins, Professor Joseph Bedier, Pro¬ 
fessor Tullio Levi-Civita, Professor Hu 
Shih, Professor Bernardo Alberto Hous- 
say and President Lotus D. Coffman. 
The toastmaster was Dean Sperry. In 
the evening the Harvard Chapter of the 
fraternity of Phi Beta Kappa held exer¬ 
cises, at which the address was made 
Professor Bronislaw Malinowski, of the 
University of London, and a poem was 
read by Professor Robert S. Hillyer, of 
Harvard University. Later in the eve¬ 
ning a reception was held at the Isabella 
Stewart Gardner Museum in Boston for 
delegates from other universities and 
learned societies. Also at 9 o’clock be¬ 
gan the illumination of the river front, 
arranged as a part of the Undergraduate 
Celebration. 
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TERCENTENARY MEETING OF ASSOCIATED HARVARD CLUBS IN THE HARVARD YARD 
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THE ROOT RUM OF THE TERCENTENARY THEATER 
John Masefield, the Engmhh poet laureate, is heading the tercentenary poem. 


On the third day of the celebration the 
morning was given up to the formal ex¬ 
ercises of the university, and in the after¬ 
noon the Harvard Alumni Association 
held its meeting After processions of 
alumni and delegates the bells of South¬ 
wark Cathedral, London, where John 
Harvard was baptized in 1607, were 
heard as carried by radio across the At¬ 
lantic. 

Dean W. L. Sperry, of the Divinity 
School, gave the invocation, and Pro¬ 
fessor E, K. Hand delivered a salutatory 
oration in Latin. Then followed an ad¬ 
dress on “The Founding of Harvard 
College'’ by Professor S. E. Morison; 
“Greetings from the Commonwealth" 
by Governor James M. Curley, of Mas¬ 
sachusetts; addresses by President Co- 
nant to the Universities of Paris, Oxford 
and Cambridge; “Lines Suggested by 
the Tercentenary/* a poem by John 
Masefield, poet laureate of England; 


President Conant’s oration, “The Uni¬ 
versity Tradition in America—Yester¬ 
day and To-morrow", the conferring of 
sixty-two honorary degrees on those who 
took part in the Conference of Arts and 
Sciences, and the benediction by the Rt. 
Rev William Lawrence. The Tercen¬ 
tenary Chorus, under the direction of 
Professor Davison, sang selections at ap¬ 
propriate times. 

Owing to the rain which began to fall 
during the exercises, arrangements were 
made for transferring the meeting of 
the Alumni Association from the open 
theater in the Yard to Sanders Theater 
with radio transmission to other audi¬ 
toriums. 

President Emeritus Lowell, as “Presi¬ 
dent of the Day," presided at the meet¬ 
ing of the Alumni Association in the 
afternoon. He introduced first Presi¬ 
dent Oonant, and then a brief message 
was received by radio from Stanley 
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Baldwin, chancellor of Cambridge Uni- Dunlop Lindsay, master of Balliol Col- 
versity. The other speakers were: Judge lege and vice-chancellor of Oxford Uni- 
Learned Hand, ’93, president of the versity, and George R. Agassiz, presi- 
Harvard Alumni Association; Franklin dent of the Board of Overseers. At the 
D. Roosevelt, President of the United end of the proceedings, President Conant 
States; James Rowland Angell, presi- moved that the meeting be adjourned to 
dent of Yale University; Alexander September 18, 2036. 

THE HARVARD TERCENTENARY CONFERENCE OF ARTS AND SCIENCES 

Sixty-seven of the world’s most dis- on progress within the limits of these 
tinguished scholars and scientists, in- fields but to approach a broader concep- 
cluding eleven winners of the Nobel tion of man’s nature, his learning and 
prize, gathered in Cambridge, Massa- his functions as interpreted from these 
chusetts, during the first two weeks of widely divergent viewpoints. Astrono- 
September to participate in the Harvard mers, philosophers, economists, chem- 
Tercentenary Conference of Arts and ists, historians, biologists, psychologists, 
Sciences. Outstanding thinkers in nu- mathematicians, geologists, physicists 
merous fields of specialized endeavor, the and a hosf of other specialists presented 
participants came not merely to report their contributions in a novel attempt to 
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unite the isolated branches of modern 
scholarship into a single yet general in¬ 
vestigation of human life. 

The program, however, did not pre¬ 
tend to be all-inclusive. As Jerome D. 
Greene, director of the Tercentenary, ex¬ 
plained, the encyclopedic range of 
human knowledge could not have been 
surveyed during the conference or even 
in a whole series of conferences. Nor 
did Harvard pretend to make an authori¬ 
tative selection of the most important 
problems or the most competent students 
of each problem. Instead the conference 
was arranged on the theory that if men 
of great distinction in various fields 
could be brought together to give their 
best to their fellow-workers, such a gath¬ 
ering would inevitably be of the greatest 
importance. 

The breadth of the five symposia into 
which the conference was divided is in¬ 
dicated by their titles. Factors Deter¬ 
mining Human Behavior; Authority and 
the Individual; Independence, Conver¬ 
gence and Borrowing in Institutions, 
Thought and Art; The Biological Sci¬ 
ences, and The Physical Sciences. Yet 
all were related in the general plan of 
the conference in that all concerned man, 
his behavior, his knowledge, his civiliza¬ 
tion. 

“The need of finding some unity in a 
maze of modern scholarship has been in¬ 
creasingly felt, not merely for the pur¬ 
poses of education, but for the guidance 
and what might be called the cross-fer¬ 
tilization of research itself, ” Mr. Greene 
explained. “Each address represents a 
characteristic way of thought and 
method of study by which men have 
come to understand one side of a vast 
problem which is here being studied 
from many sides. As a whole, therefore, 
the addresses comprise a series of typical 
methods and outlooks which jointly play 
their part in approaching the great prob¬ 
lem* They form an attempt, as vital to 
the future of scholarship as it is untried, 


to orient different methods and fields of 
study with one another toward the goal 
of seeing human life in a truer perspec¬ 
tive/' 

In its opening week the conference .ap¬ 
propriately considered the oldest sciences 
known to man, astronomy and mathe¬ 
matics, holding sessions jointly with the 
American Mathematical Society, the 
Mathematical Association of America, 
the Institute of Mathematical Statistics 
and the American Astronomical Associa- 
tion. Members of these groups, living 
and eating together with the participants 
in Harvard dormitories, formed the nu¬ 
cleus of the 2,500 American and Ca¬ 
nadian scholars to whom attendance at 
the conference was limited. Since one of 
the most important purposes of the con¬ 
ference, in addition to unifying the aca¬ 
demic world, was to impress the non-aca¬ 
demic public with the value of universi¬ 
ties, all the sessions were broadcast over 
an international network, the meetings 
were fully reported in the press of the 
nation and, m the case of the more popu¬ 
lar evening lectures, the public was ad¬ 
mitted without charge. In addition, 
papers in three of the five symposia are 
being published by the Harvard Univer¬ 
sity Press, while those in the physical 
and biological sciences will appear in 
various scientific journals. To facilitate 
press coverage of the often highly tech¬ 
nical papers, many participants in the 
conference, as well as members of the 
Harvard faculty well acquainted with 
the research being reported, held a series 
of press conferences with newspapermen, 
explaining in general terms the content 
and significance of various papers. 

The value of this arrangement was em¬ 
phasized early in the conference, when 
Professor filie Joseph Cartan, of the 
University of Paris, presented what was 
probably the most important papet of 
the mathematics sessions, Although Pro¬ 
fessor Cartan spoke French and was 
dealing with a problem so abstruse that 
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Dean George D. Birkhoff, of Harvard University ; Professor Elie J. Cartan, of Paris, and 
Professor Constantin Carath£odory. 

outstanding mathematicians admitted that this dual personality of spinors 
difficulty in understanding his thesis, re- may simplify the eventual reconciliation 
porters, with Dean George D. Birkhoff, between some of the time-space measure- 
Harvard mathematician, as interpreter, ments of Einstein and the timeless 
were able to comprehend his new mathe- planes of ancient geometricians who 
matical concepts and explain them to lived in a stationary and unchanging 
their readers. With these concepts Pro- world. 

fessor Cartan has evolved a new system Another radically different and pos- 
of mathematics which may prove to be a sibly more abstruse mathematical system 
bridge between the universe and the was outlined by Professor Rudolf Car- 
atom, the “missing link” in the arith- nap, of the Deutsche TIniversitat, Prague, 
metical chain by which it is hoped to Typical of recent breaks with old tradi- 
reconcile ordinary concepts of space with tions and the introduction of new logic 
the theory of relativity. Known as in every field of knowledge, it is based on 
“non-affine geometries,” Cartan’s sys- an infinite rather than a finite number 
tern is based on the theory that spinors of premises. Its chief advantage is that 
do not always behave like tensors, that it is far more complete than older Bys- 
they are occasionally ‘ * bivalent ’ ’ and be- terns, even the best of which permitted 
long both in Euclidian and general the writing of unprovable arithmetical 
geometry. It is Cartan’s modest hope From Professor Leonard E. 
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Dickson, of the University of Chicago, 
the conference heard a formula for the 
solution of Wanng’s problem which 1ms 
baffled mathematicians since the Middle 
Ages, and with it further proof of the 
inherent rhythm of numbers 
As the conference turned from mathe¬ 
matics to astronomy the paper of Pro¬ 
fessor Tulho Levi-Uivita, of the Univer¬ 
sity of Rome, extended Einstein’s rela¬ 
tivity theory with a more precise defini¬ 
tion of the fundamental law of the uni¬ 
verse and thus became one of the most 
significant in either of the two fields it 
embraced His theory, dealing with the 
gravitational fields of two bodies rather 
than only one, is expected to be a focal 
point for mathematical and astronomical 
research during the next few years 
Discovery of a new red nebula, really 
a cosmic dust cloud shining with the re¬ 
flected light from nearby Antares, was 
reported by Dr. Otto Struve, of the 


Yerkes Observatory, and is also expected 
to form the basis of much future re¬ 
search. From Dr. Struve’s eo-workers 
came announcement of cold and dim 
“ ghost stars,” hitherto undetected. 
While astronomers debated over possible 
temperatures and sizes of these stars, 
Professor Henry Norris Russell, of 
Princeton, and Professor Antonie Panne- 
koek, of Amsterdam, explained new' and 
improved methods they have developed 
for determining stellar masses and tem¬ 
peratures. 

From Sir Arthur Eddington, seeking 
to link relativity and the quantum 
theory, astronomers heard the charge 
that both are too artificial Sir Arthur 
also reported what he terms “the cos- 
mica! number”-- 2 136 2 2 ™~which he 
believes is the number of particles in the 
universe Turning to the sun, he fixed 
its interior temperature as 18,000,000 
degrees Fahrenheit, described its center 
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as an inferno of x-rays and tiny par¬ 
ticles streaking about at speeds ranging 
from 40 to 10,000 miles per second. 
Crowded together in a cubic centimeter, 
he said, there are more than a quadril¬ 
lion atoms, about twice as many free 
electrons and 20,600 trillion x-rays. 

In another section of the symposium 
on the physical sciences, nuclear physi¬ 
cists heard Professor Merle A. Tuve, of 
the Carnegie Institution, relate the dis¬ 
covery of a super-powerful cosmic force 
sealed in the very hearts of the atoms of 
which all matter is composed. Far 
stronger than any force previously 
known to science, it is believed to func¬ 
tion as a sort of “cosmic cement’’ hold¬ 
ing the tiny particles in the heart of the 
atom—and with it the universe—to¬ 
gether. According to Professor Gregory 
Breit, of the University of Wisconsin, 
the force is a million times stronger than 
gravitation. It appears when two atomic 
particles approach within 28 trillionths 
of a centimeter of each other, at which 
point its force is more than 11,000,000 
volts of electricity—more than double 
the highest voltage man has been able to 
create in the laboratory. An allied sec¬ 
tion on cosmic radiation constituted the 
arena in which two of the world’s out¬ 
standing authorities in that field, Pro¬ 
fessor Arthur H. Compton, of Chicago, 
and Professor Robert A. Millikan, of the 
California Institute of Technology, re¬ 
newed their debate as to whether the 
primary radiation is composed mainly 
of uncharged energy bullets, photons or 
charged particles. Most promising of 
solving the riddle was a theory advanced 
by Dr. W. F. G. Swann, of the Franklin 
Institute, which, substantiating Dr. 
Compton’s beliefs, mathematically elimi¬ 
nated photons as necessary constituents 
of the primary radiation. 

Steps in the growth of mountains, how 
the seas of molten rock rose from the sub¬ 
terranean depths and were pressed into 


shape between the crushing jaws of the 
earth, were discussed before the geology 
section of the physical science sym¬ 
posium. Professor Edward B. Bailey, of 
the University of Glasgow, told of the 
crumpling and rafting together of layers 
of mud, sand and gravel in huge basins 
and traced the gigantic movements of 
the earth’s crust which folded these 
formations and lifted the whole mass 
above the surface to form mountains. 
How these massive ranges float on the 
earth just as an iceberg floats in water, 
was outlined by Professor Andrew C. 
Lawson, of the University of California, 
while Dr. Norman L. Bowen, of the Car¬ 
negie Institution, reported thirty years’ 
observation of miniature volcanoes he 
has created in his laboratory. 

Sawdust and other scraps of waste 
wood can be converted into the three 
fundamental elements of the human diet, 
inexpensively and on a scale to feed an 
army, Dr. Friedrich Bergius, the well- 
known German industrial chemigft told 
the conference. Providing the dements 
of a balanced diet—carbohydrates, pro¬ 
teins and fats—the process is one of the 
greatest strides toward a nation’s self- 
sufficiency and economic independence 
in recent years. An outstanding depar¬ 
ture from earlier technically successful, 
but economically impracticable processes 
is Dr. Bergius's use of concentrated 
hydrochloric acid as a converting agent, 
enabled by the design of equipment 
capable of withstanding the acid’s highly 
corrosive action. It was not reported 
how the stumbling block of earlier at¬ 
tempts had been overcome except that 
ordinary metal containers were lined 
with “a special ceramic material.’’ 

Another important development re¬ 
ported before the chemical section was 
the announcement by Dr. Hans Fischer, 
of Munich, that hemin, the red coloring 
matter of 4 blood so essential to life, and 
chlorophyll, green matter vital in the 
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physiology of plants, have strikingly 
similar nuclei. Already awarded the 
Nobel prize for his synthesis of hemin, 
Dr. Fischer is now essaying the synthesis 
of chlorophyll. Other attempts at the 
synthetic production of life substances 
were reported by Dr. Leopold Ruzicka, 
of Zurich, who has succeeded in com¬ 
pounding artificial male sex hormones. 
One he synthesized is five times as potent 
as the corresponding one found in na¬ 
ture. 

Diabetes as a disturbance not only of 
ope gland, the pancreas, but of several 
other glands, was discussed by Professor 
Bernardo A. Houssay, of the University 
of Buenos Aires. While the pancreas is 
important in that it produces insulin, he 
said, the liver, where sugar is manufac¬ 
tured, and the thyroid, the pituitary and 
the eortex of the adrenal gland which 
control sugar content of the body, are 
also important. Only when the complex 


interrelations between these glands and 
the varied effects of their interacting 
secretions are fully understood, he stated, 
can progress be made toward the cure of 
diabetes. 

Proof that formation of the automatic 
nervous system is among the earliest de¬ 
velopments in embryos was reported by 
Sir Joseph Barcroft, of the University of 
Cambridge, who took unique moving pic¬ 
tures of the early breathing movements 
of unborn sheep in the first stages of pre¬ 
natal development. Breathing, he found, 
is due to the rhythmic activity of the 
central nervous system. Two other pieces 
of the jig-saw puzzle of prenatal growth 
were contributed by Professor Ross G. 
Harrison, of Yale, and Professor Hans 
Spemann, of the University of Freiburg. 
Professor Harrison has forpiulated a 
theory of polarity for application to 
animal life. Under its tenets all tissue 
has a positive and a negative pole, ac- 
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quircd very early in its development to 
determine its symmetrical placement in 
the embryo. Professor Spemann has 
found that, as the embryo develops, a 
set of chemical ” organizers” takes over 
the task of directing growth, timing and 
regulating the proper formation of 
arms, legs, the head and other parts of 
the body lie has found where these 
organizers are, when they are called into 
play and how they act. Only their exact 
chemical nature remains a secret and 
Professor Spemann is now attacking that 
aspect of the problem. 

Another great stride toward unravel¬ 
ing the mystery that veils body processes 
was taken by Dr. John II. Northrop, of 
the Rockefeller Institute, who reported 
research on enzymes, those extraordinary 
substances within the living organism 
which control the rate of its reactions. 
Isolating a whole series of these enzymes 


and crystallizing them, he has found they 
are proteins with chemical character¬ 
istics as clear-cut and definite as other 
protein molecules. So close is the rela¬ 
tion, in fact, that lie has been able to com¬ 
pound several active enzymes from inert 
proteins. In some eases the conversion 
is autocatalytie, some enzymes having the 
power to form themselves from inert pro¬ 
teins. Dr Northrop has also conducted 
research in that twilight realm of being 
inhabited by the filterable viruses, cause 
of such dread diseases as infantile pa¬ 
ralysis, and bacteriophage, the ” eater of 
bacteria,” which saved so many lives 
during the world war The formation 
of bacteriophage, he said, is a special case 
of autocatalysis, and although he has not 
isolated this substance yet, he has been 
able to concentrate it in a very pure 
form 

Other speakers before the biological 
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symposium were 8ir Frederick 0. Hop¬ 
kins, of the University of Cambridge, 
who traced the influence of chemistry on 
biological thought; Professor Filippo Sil- 
vestri, of the Royal College of Agricul¬ 
ture, Portiei, who discussed the phe¬ 
nomena of multiple birth in the insect 
world; Professor Elmer Drew Merrill, of 
Harvard, who spoke of plants as indi¬ 
cators of civilizations; Professor Johan 
Hjort, of Oslo, who examined the bio¬ 
logical processes of whales, Dr. Karl 
Landsteiner, of the Rockefeller Institute, 
who described the interrelation of al¬ 
lergy, immunity and anaphylaxis; Dr. 
Kiyoshi Sluga, of Kitasato Institute, 
Tokyo, discoverer of the dysentery ba¬ 
cillus, who related recent progress in the 
fight against that disease; Professor 
August Krogh, of Copenhagen, who 
reported the use of isotopes for detect¬ 
ing the transfer of chemical substances 
within the living organism, and Pro¬ 
fessor The Svedberg, of the University 
of Upsala, who described the great size 
and shape of the protein molecule, build¬ 
ing blocks of all living tissue. 

Additional speakers before the sym¬ 
posium in the physical seienc.es were Pro¬ 
fessor Ronald A. Fisher, of the Univer¬ 
sity of Loudon, who discussed uncertain 
inference; Professor Godfrey H Hardy, 
of the University of Cambridge, who out¬ 
lined the work of the Indian mathema¬ 
tician, Ramanujan; Dr. Theodore Dun¬ 
ham, of the Mount Wilson Observatory; 
Professor Megh mul Saha, of the Univer¬ 
sity of Allahabad; Professor Arthur 
Haas, of the University of Vienna; Pro¬ 
fessor Howard P, Robertson, of Prince¬ 
ton ; Professor Manuel S Vallarta, of the 
Massachusetts Institute of Technology; 
Dr. J. 0. Street, Harvard; Dr. Eugene 
Feenberg, University of Wisconsin; Pro¬ 
fessor Eugene P. Wigner, Princeton; 
Professor J. Robert Oppenheimer, Uni¬ 
versity of California; Professor John H. 
Van Vleek, Harvard; Professor Arthur 


J. Dempster, Chicago; Professor Walker 
Bleakney, Princeton; Professor Otto 
Stern, Carnegie Institute of Technology; 
Professor 1.1. ltabi, Columbia; Professor 
John R. Dunning, Columbia; Professor 

K. T Bainbridge, Harvard; Dr Frank 
B. Jewett, of the Bell Telephone Labora¬ 
tories; Professor William B. Scott, of 
Princeton, and Professor Peter Debye, 
of the University of Leipzig. 

Speakers in the two symposia in the 
humanities were: “Authority and the 
Individual”. Professor Wesley C. Mit¬ 
chell, Columbia; Professor Dennis H. 
Robertson, the University of Cambridge; 
Professor Douglas B. Copeland, the Uni¬ 
versity of Melbourne; Professor William 
E Rappard, University of Geneva; Pro¬ 
fessor John H. Claphani, University of 
Cambridge; Professor Robert M Mac- 
Iver, Columbia; Professor Charles McL. 
Andrews 1 , Yale; Professor John Dewey, 
Columbia; Professor Edw r ard S. Cor¬ 
win, Princeton; Professor Hans Kelson, 
Geneva; Professor Werner Jaeger, Uni¬ 
versity of Berlin; Professor Oorrado 
Gini, University of Rome; Professor 
Friedrich Meinecke, University of Ber¬ 
lin; Professor Paul Hazard, College de 
France; Professor Howard M. Jones, 
Michigan; Professor Edward J. Dent, 
University of Cambridge; 14 1 ndepen- 
denee, Convergence and Borrowing in 
Institutions, Thought and Art”: Profes¬ 
sor Vere 0. Childe, University of Edin¬ 
burgh ; Professor Michael I. Rostovtzeff, 
Yale; Professor Eduard Norden, Uni¬ 
versity of Berlin; Professor Leopold 
Wenger, University of Vienna; Profes¬ 
sor Rene Maunier, University of Paris; 
Professor Louis Ginzberg, Jewish Theo¬ 
logical Seminary of America; Professor 
Charles H. Dodd, University of Cam¬ 
bridge ; Professor Frederick M. Powicke, 
University of Oxford; Professor Henry 
0. Taylor, New York; Professor Adolph 
Goldschmidt, University of Berlin; Pro¬ 
fessor Joseph Redier, College de France; 



488 


THE SCIENTIFIC MONTHLY 



—Photograph from the iionU m» Tratieter 
DR. ANTONIE PANNEKOEK 


PROFESSOR OF AGRONOMY AT THE UNIVERSITY OF AMSTERDAM, AND MRS. PAtOTKOKK. 

Professor Etienne Gilson, College de speaker would point out some aspect 
France; Professor IIu Sliih, National which he had studied. Thus from the 
University of Peiping; Professor Masa- discussion as a whole it would be pos- 
haru Anesaki, Imperial University of sibJe to gain at least some conception of 
Tokyo; Professor Paul Pelliot, College the complexity of the problem and of the 
de France. important advances that have been made 

From these four symposia the frame- in recognizing influences other than pure 
work for the fifth and final symposium, reason on man’s conduct. That this pur- 
‘ ‘ Factors Determining Human Behav- pose was realized is indicated by the wide 
ior,” was constructed. The chemical, variety of factors which the eight par- 
physiological, historical, social, political, tieipating scholars presented for eon- 
psychological and cultural influence on eideration. 

man and his actions, all were examined To psychologist Charles G. Jung, of 
in this climactic and panoramic discus- Zurich, hunger is the most potent urge 
sion. It was not expected that the sym- influencing mankind, irrespective of the 
posium would give the final answer to opinion of his great rival Freud, that 
the questions involved, but that each sex is the most powerful factor. Sex, 
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however, is second, according to Pro¬ 
fessor Jung, and then come the drive to 
activity, the urge to reflection and the 
creative urge. To physiologist Edgar D. 
Adrian, of the University of Cambridge, 
tracing the influence of the nervous sys¬ 
tem, a larger brain would make man bet¬ 
ter behaved. With a brain twice its 
present size, man’s behavior would be 
superhuman, he said. Dr. James B. Col- 
lip, McGill biochemist, named the pitui¬ 
tary gland as having tremendous influ¬ 
ence on man’s behavior, although he 
declared other glands and various other 
organs have additional effects. Another 
psychologist, Dr. Pierre M. F. Janet, of 
the College de France, cited nervous ex¬ 
haustion as a factor, terming it one of 


mankind’s greatest liabilities. A third 
psychologist, Professor Jean Piaget, of 
the University of Geneva, urged the 
study of the development of the infant 
mind as a measure whereby the develop¬ 
ment of man's mind could be determined. 
Philosopher Carnap emphasized how pas¬ 
sions often outweigh reason and warned 
that logic must take into account the il¬ 
logical. From Dr. A. Lawrence Lowell, 
president emeritus of Harvard, came an 
example from history as evidence of how 
men, like animals, may attain a consistent 
and harmonious method of conducting 
their affairs, although the result may be 
the exact opposite of their preconceived 
ideas. The concluding speaker, anthro¬ 
pologist Bronislaw Malinowski, of the 



PROFESSOR PIERRE MARIE FEUX JANET 
ntorassoR or psychology, College »e Francs, ane Mmb. Janet. 
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—Photograph from the notion Traveler 
Arthur Holly Compton, professor of physics at the University of Chicago, and I)r. Kaju* 
Taylor Compton, president of the Massachusetts Institute of Technology. 


University of London, traced the broad asked to summarize the net results of the 
influence exerted by varying cultures. academic sessions by several members 
Perhaps one of the most significant of the National Association of Science 
results of the conference came from a Writers who had reported the meetings, 
symposium not on the official program, With the exception of Dr. Hu, who ap~ 
yet conducted with the cooperation of proved its purpose, but doubted* its effi- 
llarvard University and four renowned cacy, all agreed that the conference might 
scholars who participated in the confer- well form the basis for a permanent in- 
ence. Dr. Dewey, America’s outstanding ternational supreme court of organized 
philosopher; Dr. Gilson, distinguished knowledge, dedicated to the intelligent 
French historian; Dr. Malinowski and guidance of humanity in the solution of 
Dr. Hu, one of China’s leading thinkers, practical world problems. 

In a special interview these men were Wesley Fuller 
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THE PRESENT STATUS OF COSMOLOGY 1 

By Professor RICHARD C. TOLMAN 

THE CALIFORNIA INSTITUTE OF TKCHNOLOOY 


This article attempts to give a qualita¬ 
tive account of the present status of 
cosmology. 1 wish to begin by raising 
objections to my own title, on account of 
the inclusion of that very dangerous 
term, “cosmology.” It is a word which 

1 Adapted from the presidential address to 
the Pacific Division of the American Associa¬ 
tion for the Advancement of Science, June 37, 
1936. 


has a long background of dubious meta¬ 
physical association, and seems to imply 
the treatment of the whole universe as 
a unit, by some method which far tran¬ 
scends the limitations of ordinary obser¬ 
vation. But a knowledge of the whole 
universe is certainly given to no man, 
and its treatment as an understood unit 
is possible to no man—not even to a phi¬ 
losopher. Whatever philosophers may 






Huntington Library. 

RIG. i, HAWQUAL '8 MAP OP THE WORLD AS RECONSTRUCTED BY J. T. BEINAUD. 

m 
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Huntington Libtary 

FIG. 2. MAI’ OF THE WORLD ACCORDING TO BEAUTU8. 


do, and indeed I think should do, it 
seems imperative that those of us who 
are scientists should write only on sub¬ 
jects concerning which we have specific 
observational knowledge. Hence for the 
purposes of this article I shall ask you 
to regard the word ‘ ‘ cosmology ’ ’ as quite 
a modest one, implying the study and 
scientific treatment of our physical sur¬ 
roundings, out as far as our telescopes 
have penetrated, with only the most 
guarded extrapolation to further dis¬ 
tances or to matters that we have not 
yet observed. 

With this meaning of the word, it is 
evident that cosmology will be a con¬ 
tinually growing branch of science, pass¬ 
ing through different stages of develop¬ 
ment as we obtain the possibility of 
observing more and more distant astro¬ 
nomical objects. I have provided a num¬ 
ber of illustrations to denote these dif¬ 
ferent stages in the development of ideas 
as to cosmology and to show the nature 
of the different astronomical objects 
which we have been able to observe. 


These latter range all the way from our 
own moon, which is the nearest of all, 
to the distant nebulae which lie far be¬ 
yond the stars in our own milky way or 
galaxy. The illustrations come from 
several sources, including two from the 
Huntington Library, but most of them 
have come from the Mount Wilson Ob¬ 
servatory, where I have had the kind and 
expert advice of Dr. Hubble in making 
selections. 

The Cosmology of a Flat Earth 

In very ancient days, before the sci¬ 
ence of the Greeks, the knowledge of man 
was closely limited by his immediate sur¬ 
roundings, His ideas of cosmology were 
self-centered and, so to say, parochial. 
The world consisted of his own country, 
large and important, surrounded by 
other lands of lesser size and value, and 
all in turn surrounded by an unknown 
ocean. The earth was flat, mariners 
should keep near shore lest they fall over 
the edgf, and the sun, moon and stars 
rose from beyond the ooean to give us a 








THE PRESENT STATUS OF COSMOLOGY 


493 


light by day and by night, and sank 
again to return under the earth ready 
for the start of a new journey. 

Such ideas, still possible for backward 
folk, persisted for most men long after 
there was a good scientific tradition to 
the contrary, and I have secured two 
ancient maps of the world to illustrate 
this stage of cosmology—one a Moslem 
map first drawn in the tenth century 
by a traveler from Bagdad named 
Quasim Muhammad I bn Ilawqual—the 
other a Christian map first drawn m the 
eighth century by a priest of the name 
Beautus Libamensis. 



FIG. 3. OLD CUT ILLUSTRATING PTOLE¬ 
MAIC SYSTEM. 



FIG. 4. PTOLEMAIC SYSTEM. 
Size of orbits arbitrary. 



FIG 5. OLD CUT ILLUSTRATING COPER- 
NrCAN SYSTEM. 



DRAWN TO SCALE WITH THE POSITIONS OF THE 
PLANETS AS OF JANUARY, 3930. 

My first illustration, Fig. 1, gives the 
map of the whole world as it seemed to 
the Bagdad geographer Hawqual. The 
lettering has been put in at a later time 
in French, north lying as you see to the 
left, and south to the right. The Moslem 
influence is evident in the highly geo¬ 
metrical character of the contours. The 
curved horn to the south—that is, to the 
right—is the continent of Africa; the 
straight wide Nile flows into the Mediter- 
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FIG. 7. NORTHERN PORTION OF MOON, 

AGE 18 DAYS, TAKEN AUGUST 7, 1925, WITH THE Mount WILSON 100-INCH REFLECTOR. 
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FIG. 8. SURFACE OF SUN 

TAKEN AT MOUNT WILSON WITH THE MOHT FROM CALCIUM ATOMS. 


ranean—with three round islands, Cy¬ 
prus, Crete and Malta. The parochial 
point of view is indicated by the great 
extent of Moslem countries on the Indian 
Ocean and Gulf of Persia, with little 
Europe and the empire of China crowded 
to the west and east. This point of view 
was also expressed in Hawqual’s writ¬ 
ings: 

I have described the earth in its length and 
breadth; I have given a view of the Moslem 


provinces; but have taken no account of tho 
division by climates, in order to avoid confusion 
... in a word, T have collected all that has ever 
made geography of interest either to princes or 
peoples. I have not described the country of 
the African blacks and tho other peoples of the 
torrid aone; because naturally loving wisdom, 
ingenuity, religion, justice, and regular govern¬ 
ment, how could I notice such people as these, 
or magnify them by inserting an account of 
their countries? 

The second illustration, Fig. 2, shows 
the whole world as it appeared to the 




496 


THE SCIENTIFIC MONTHLY 


monk Beautus, again with north to the 
left and south to the right, and again 
with all the lands of the earth sur¬ 
rounded by the unknown ocean, this 
time taken as filled with mythical islands, 
many fish and some quite strange-looking 
rowboats. The local point of view is now 
shown by the great size ascribed to 
Europe with its houses and churches; 
and the Christian influence is made evi¬ 
dent by the Garden of Eden, where you 
can see Eve just picking the apple from 


Ptolemy; and for fourteen centuries the 
Ptolemaic system, as described in his 
great book, the Almagest, provided the 
accepted cosmology of the really learned. 

I have taken a cut, Fig. 3, from an 
English book of the time of Charles the 
Second to illustrate the Ptolemaic stage 
of cosmology 1 am a little hesitant 
about introducing it, because the old 
drawing does not give a true impression 
of those satisfactory scientific features 
which were successfully treated by 



FIG 9. SURFACE OF SUN 

TAKEN AT MOUNT WILSON WITH THE LIGHT FROM HYDROGEN ATOMS, 


the tree of knowledge to give to an eager 
Adam. 

The Ptolemaic System 
These maps of a flat earth represent 
a very early stage of cosmology, but long 
before these particular maps were drawn 
the science and philosophy of the Greeks 
had led to much more acceptable ideas. 
These ideas were presented with great 
detail and completeness about the year 
a.d 140 by the Alexandrian mathe¬ 
matician, geographer and astronomer, 


Ptolemy. At the center of the system 
is the earth, recognized by Ptolemy to 
be a sphere of land and water of some¬ 
where near its true size. Outside the 
earth are spheres of air and fire, in ac- 
cordance with the Greek philosophy as 
to the behavior of earth, air, fire and 
water, and outside these are the heavenly 
bodies moving in great circles—the moon, 
Mercury, Venus, the sun, Mars, Jupiter 
and Saturn, and finally the stars of the 
firmament in the order named. 

For Ptolemy the earth was at rest and 
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Mount Wilson Observatory. 

FIG. 10. PHOTOGRAPHS OF MARS. 



FIG. 11. DRAWINGS OF JUPITER. 
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Mount Wilton Observatory. 


FIG. 12. PHOTOGRAPHS OP SATURN. 
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Mount Wilson Observatory. 

FIG. J3. PHOTOGRAPH OF HALLEY’H COMET. 



FIG. 14. MODEL OF THE GALAXY 
FBOK TUB HALLEY LECTURE DELIVERED ON JUNE fi, 1»35, BY J 8. PLA8KBTT. 
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FTC, 15 TI1E TRIPLE STAR KROGER 60 

TWO PHOTOORAPHS, FIVE YEARS APART, MADE BY 

Barnard at the Yerices Observatory. 


at the center of things, and the rising 
and setting of the sun, moon and stars 
was due to the revolution of the whole 
heavens around the earth once every 
twenty-four hours. In addition to this 
rapid daily revolution there was a fur¬ 
ther slow motion in great circles called 
4 4 deferents, ” and in small circles called 
4 4 epicycles,’ ’ as shown by the somewhat 
more scientific looking diagram, Fig. 4; 
and these combined motions gave a very 
fair account of actual observations. 

It seems to us now that Ptolemy was 


very local our own 

earth so important wTcentral and so 
fixed. Nevertheless, from a phenomeno¬ 
logical point of view his system did 
describe his observations, and from a 
modern theoretical point of view, that of 
Einstein’s general relativity of motion, 
we do not characterize Ptolemy’s mode 
of approach as wrong but merely as 
very inconvenient and extremely com¬ 
plicated 

The Copeknjcan System 

The learned world had to wait a long 
time, nevertheless, before it was ready 
for intellectual clarity and simplicity. 
The idea that man’s earth was not the 
center of all things seemed altogether 
too contrary to common sense, to human 
importance and to revealed religion. 
Finally, however, m the year 1543 the 
publication of the great work of Coper¬ 
nicus, 44 On the Revolution of the 
Heavenly Bodies,” gave that exhaustive 
treatment necessary for the change to a 
new point of view. 

Fig. 5, also from the time of Charles 



FIG. 16. TWO DIFFERENT EXPOSURES OF OPEN CLUSTER OF STARS, MESSIER, 35. 
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Mount Wilton Observatory. 
FIG. 17. STAR CLOUDS IN SAGITTARIUS. 
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Mount Wilson Olxervutory. 

FIG. 18. GLOBULAR CLUSTER OF STARS, MESSIER 3. 
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Mount Wilson Observatory, 

FIG. 19. ILLUMINATED MATERIAL IN ORION. 

Three hours’ exposure on the 100-inch reflector. 


the Second, pictures the Oopernican 
system The sun—as you sec, a very 
friendly one giving light and heat to 
man—now furnishes the center for the 
revolution of the earth and all the other 
planets; and a simple rotation of the 
earth itself, once every twenty-four 
hours on its own axis, is all that is needed 
to explain the rising and setting of the 
sun, the moon, the planets and the mil¬ 
lion other suns called stars. 

The Copemican ideas of the solar sys¬ 
tem are practically those we hold to-day. 
They have been extended first by the 
finding of Kepler that the planetary mo¬ 
tions are not quite circular, but rather 
slightly elliptical, with the sun at one 
foeus of the ellipse; secondly, by the 
gravitational theory of Newton, which 


accounts for planetary motions with the 
help of an inverse square law of attrac¬ 
tion ; and finally by the improved gravi¬ 
tational theory of Einstein, which gives 
the results of Newton as a close approxi¬ 
mation, but then goes on to the treat¬ 
ment of phenomena not included in New¬ 
tonian theory. The next illustration, 
Fig. 6, gives a more modern diagram of 
the solar system, showing to scale the 
orbits of the earth and other planets, 
including the little planet Pluto, dis¬ 
covered in 1930 at the Lowell Observa¬ 
tory in Arizona. The diagram has to 
leave out the orbits of Mercury and 
Venus, which are inside that for the 
earth. It also has to omit the stars, since 
they are , of course far beyond the con¬ 
fines of the solar system; the distance 
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Mount Wiltton Observatory. 

PIG. 20. DARK AND ILLUMINATED MATERIAL IN ORION. 

Three hours’ exposure on the 100-inch reflector. 
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Mount Wilson Observatory 

FIG. 21. EXPANDING RING AROUND NOVA AQUILAE, 

APPEARING FIRST IN 1918, TAKEN IN 1922, 1920 AND 1931 WITH 100-INCH REFLECTOR. 


to Proxima, the nearest star we know, 
is 7,000 times as far as that to the outer¬ 
most planet, Pluto. 

I now wish to show you some actual 
photographs of astronomical objects in 
the solar system, that is, in the neighbor¬ 
hood of our own sun, the star around 
which we ourselves revolve. First of all 
we have the moon, for us the nearest ob¬ 
ject of all, and of special interest to as¬ 
tronomers since its distance and rate of 
revolution around the eartli furnished 
Newton with the needed quantitative test 
for his theory of gravitation. Fig 7 
gives a portion of the moon’s surface near 
enough so that you can see its moun¬ 
tains, plains and characteristic craters. 
Next, Fig. 8 and Fig. 9, we have two 
photographs of the sun, showing sun¬ 
spots, faculae, flocculi and giant bursts 
of vapor from the surface. By making 
use of the spectroheliograph invented by 
Dr. Hale, these photographs were taken, 
the first with the light emitted from cal¬ 
cium atoms in the sun’s surface, and the 
second with the light from hydrogen 
atoms. And now, Figs, 10, 11 and 12, 
three of the planets: Mars, with its sur¬ 
face markings and polar cap of snow, two 
views, one time partially and one time 
completely illuminated by the light of 
the sun; drawings of Jupiter, with its 
belts and four of its eight moons; and 
two views of Saturn with its rings, both 
taken on the same night. Finally, as 


another kind of member of the solar sys¬ 
tem, Fig. 13, Halley’s Comet, one of 
those conglomerations of particles, dust 
and gas which periodically sweep in close 
around the sun in their long and narrow 
elliptical orbits. 

The Stellar System 

So much for typical objects in the 
neighborhood of the sun. But the sun 
is only one star out of many, big and 
bright for us because of nearness, but 
far surpassed in absolute size and lu¬ 
minosity by numerous others. Hence 
for the next stage of cosmology we must 
turn to the study of the milky way or 
galaxy, of which our sun is only one un¬ 
important member. 

As I prefaced the earlier stages of 
cosmological study with maps of the 
“flat” eartli and with diagrams of 4he 
Ptolemaic and of the Copernican sys¬ 
tems, so I can now preface the present 
stage by a diagram of the whole galaxy, 
Fig. 14. This diagram was made under 
the direction of Dr. J. S. Plaskett, di¬ 
rector of the Dominion Astrophysieal 
Observatory at Victoria, for his Halley 
lecture on “The Dimensions and Struc¬ 
ture of the Galaxy.” It shows the 
galaxy as we think it might appear when 
seen edge-on from the outside. At right 
angles to the present view we should ex¬ 
pect to see a great spiral structure with 
a bright central nucleus, as we actually 
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Mount Wilson Observatory. 


FIG. 22. ANOTHER PHOTOGRAPH OF ILLUMINATED MATERIAL IN OUR OWN 

GALAXY. 
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shall see later on, in photographs of 
spiral nebulae or other galaxies that lie 
outside our own. 

Just as it is hard 4 'to see the forest 
because of the trees / 9 so it is very diffi¬ 
cult to study the structure of our own 
galaxy from a place inside it. Neverthe¬ 
less, there is nothing in this diagram in 
serious contradiction with our present 
knowledge. The dark line down the cen¬ 
ter represents—with perhaps too regular 
an outline—a layer of absorbing dust for 
which we shall later see evidence. And 
it is dust such as this which presumably 
prevents us from seeing the bright cen¬ 
tral nucleus of our own galaxy. The 
location of the sun, with the earth and 
other planets, is indicated by a label 
well to the left of the center of the 
galaxy. The smaller dots, outside the 
sharper limits of the galaxy, represent 
individual stars with a gradually de¬ 
creasing density of distribution as we 
get further and further away; and the 
larger dots represent globular clusters 
of stars which were first used at Mount 
Wilson by Shapley in studying the shape 
and size of the galaxy. 

The diameter of the galaxy is of course 
enormous, but may now be set with some 
accuracy at about 80,000 parsecs or 
100,000 light years. To give an idea of 
what this figure means, it will be remem¬ 
bered that light travels 186,000 miles a 
second. It takes eight minutes for light 
to travel from the sun to the earth, one 
hour and 20 minutes from the sun to 
Saturn, the furthest planet known to the 
ancients, five hours and 80 minutes to 
Pluto, the most distant planet now 
known, 4.8 years from the sun to the 
nearest star Proxima, 8.8 years from the 
sun to the brightest star Sirius, but 


100,000 years to travel the length of the 
galaxy. 

I next wish to show you some actual 
photographs of objects inside the galaxy. 
First and most important of all come of 
course the stars themselves, numbering, 
according to the estimate of Seares, of 
Mount Wilson, somewhere around thirty 
thousand million for the galaxy as a 
whole. Unfortunately the stars do not 
give imposing pictures, since no star is 
near enough and big enough to produce 
more than an unresolved point of light, 
even with the most powerful telescope. 
Perhaps the best I can do is to show 
(Fig. 15) two photographs, made five 
years apart by Barnard at the Yerkes 
Observatory, of the triple star Kriiger 
60, showing in the five years a small rota¬ 
tion of the closest pair around their com¬ 
mon center of gravity. The size of 
image in such a picture is determined by 
the brightness of the star itself through 
the effect of “photographic spreading.” 

Photographs of groups of stars are 
much more interesting. Fig. 16 gives 
two different exposures of a so-called 
open cluster of stars (Messier 35); in Fig. 
17 we have some great clouds of stars 
in the constellation Sagittarius; and in 
Fig. 18 a globular cluster of stars (Mes¬ 
sier 8), the kind of object already men¬ 
tioned as used in outlining the galaxy. 

In addition to the stars themselves we 
can also find great masses of gas and 
dust in the galaxy, and when these are 
totally or partially illuminated by a 
nearby star the result can be very strik¬ 
ing. Figs. 19, 20, 21 and 22 give four 
quite different examples of such illumi- 
nated stuff, Fig. 21 showing the appear¬ 
ance in 1922, 1926 and 1931 of the 
expanding ring of material shot off by 
the explosion of Nova Aqnilae in 1918. 


(To he concluded in the January issue) 



THE RELATION OF ORGANISMS TO THE 
SALTS OF THE OCEAN 

By Dr. LAURENCE IRVING 

PROFESSOR OF EXPERIMENTAL BIOLOGY, UNIVERSITY OF TORONTO 


Man and other animals congregate 
along the borders of the sea, where they 
can find their prey in the life which is so 
abundant there. Along the shores the 
conditions for life seem to be well ful¬ 
filled, for tides and waves, varying with 
the time and weather, present in the 
constantly changing environment an op¬ 
portunity for each organism to choose 
its favorable conditions. It is this area 
of transition from land to sea that typi¬ 
fies the sea for most of us and which 
gives us the idea that to change is the 
most striking characteristic of the sea. 

But these changes in the sea are 
largely superficial and littoral, and their 
impressiveness depends mainly upon the 
point of view or upon the personal mo¬ 
tives of the observer. The occasional 
voyager is inclined to view with concern 
the disturbance which is effected by the 
superficial movements of the sea upon 
sensations which are adjusted to his 
usual firm base on solid land. But for 
the practiced mariner, the only uncer¬ 
tainty about the sea rests in the accuracy 
of his own calculations. 

The sea is the regulator of tempera¬ 
ture and humidity along the coasts, 
where climate is always moderated by 
the tempering effects of nearby large 
masses of water, and for animals that 
live in the sea, environmental conditions 
are relatively constant. Imagine the 
simplicity of existence for a mammal 
like the seal, in spite of the fact that as 
a mammal it still exists relatively as an 
alien in the marine environment. There 
are no diurnal changes of temperature. 
Even the seasonal changes are small, 
and practically they are evaded by 
simple and sensible migratory habits. 
The effect of gravity is unimportant for 
an animal living in a medium which has 
the same specific gravity as its own body. 


No hills nor valleys interfere with loco¬ 
motion, and movement in three dimen¬ 
sions is easier than it is for us in two. 
In fact, considering the comfortable ap¬ 
pearance of the seal, it would seem that 
part of its expression of satisfaction is 
derived from the realization that its an¬ 
cestors wisely recognized their error in 
competing for a variable terrestrial habi¬ 
tat and reverted to the relatively uncon¬ 
tested and practically uniform environ¬ 
mental conditions which prevail in the 

Although the sea is more uniform than 
the land in certain physical character¬ 
istics, it is even less variable in its chemi¬ 
cal properties. The sea is a saline solu¬ 
tion, which contains on the average about 
3.4 grams of salt in each 100 cubic cen¬ 
timeters of water. Certain circum¬ 
scribed areas, like the Baltic, may be 
diluted by the fresh water which runs 
in; or other areas, like the Red Sea, may 
be concentrated by the hot dry climate to 
which they are exposed. But the great¬ 
est part of the sea is uniform in concen¬ 
tration. 

The salt which is contained in sea 
water is not common salt, or sodium 
chloride, alone, as can be recognized 
from the bitter taste of sea water. In 
addition to sodium chloride, which forms 
85 per cent, of the salt, the sea contains 
at least traces of about half of the ele¬ 
ments. Seven of these constituents make 
up 99.8 per cent, of the dissolved mate¬ 
rial, as is shown in Table 1, and these 
are always present in the same propor¬ 
tions in all parts of the sea. The dilu¬ 
tion which occurs near large watersheds 
or the slight concentration in the dry 
tropics scarcely alters the composition of 
the marine salts so that the result is de- 
teetible. This fact was put forward as 
the result of the careful and judicious 
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TABLE! 1 

Th» Composition op Salts op the Ocean* 


Per cent, of total 
dissolved matter 


Cl . 55 3 

Na. 30 6 

So#. 7.7 

Mg. 3.7 

Ca . 12 

K . 11 

Cot. 0 2 

Total. 99 8 


* Tabulated by Clarke (1924) from Dittmar’s 
analyses. 

analyses made by Dittmar 1 on samples 
collected during the famous expedition 
of H.M.S. Challenger . These results 
summarize one of the finest series of 
analyses which have ever been per¬ 
formed, and their significance is a tribute 
to the judicious choice of methods on the 
part of the analyst and to the scrupulous 
care with which the analyses were exe¬ 
cuted and described. Subsequent analy¬ 
ses have only confirmed the results and 
conclusions of Dittmar. 

The composition of marine salts is uni¬ 
form throughout the entire volume of 
the ocean. The ocean can then be re¬ 
garded as a single salt solution of known 
composition. The volume of this solu¬ 
tion entitles it to special consideration 
because it is probably the largest homog¬ 
eneous mass of material in the universe 
which can be defined in terms of a num¬ 
ber of eommon and familiar components. 
Any generalization which can be made 
upon a mass of such size is also biologi¬ 
cally significant, because the ocean con¬ 
stitutes a well-populated environment of 
organic life. 

Marine animals and plants are quite 
sensitive to the salt composition of the 
water in which they live. This sensitiv¬ 
ity is observed in the effects which salts 
of calcium and potassium exert upon the 
heart beat, the excitation of muscle and 
nerve, permeability and penetration of 
cellular and tissue membranes and visi¬ 
ble changes in protoplasmic structures. 
And definitely related to this sensitivity 
Dittmar, “Report on the Voyage of 
H.M& Challenger 1873-76.—“ Physics and 
Chemistry,” Vol. 1, 1884. 


is the discrimination which marine or¬ 
ganisms exercise in selecting from among 
the marine salts only certain ones of the 
constituents which they incorporate in 
their protoplasm. It is this relation be¬ 
tween the mineral composition of marine 
organisms and the ocean salts which we 
wish to consider more carefully. 

A favorite method of approach to the 
description of the environmental condi¬ 
tions which now exist is to search 
through their history toward their 
origins. The composition of the sea is 
now uniform throughout its spatial 
dimensions. Although the change is not 
rapid, the sea has nevertheless gradually 
become a more concentrated solution of 
salts during the time which has left geo¬ 
logical records. The simplest view of the 
origin of the sea is that it was originally 
a body of water which was either nearly 
fresh or at least much less salty than it 
is to-day. Slow erosion of the rocks dis¬ 
solved them and eventually transported 
the soluble salts to the sea, where evapo¬ 
ration of water left behind the salts in 
a solution which steadily became more 
concentrated. The original surface of 
the earth was covered with igneous rocks, 
and it was from the eroded products of 
these igneous rocks that the marine salts 
were ultimately derived. 

As an initial step in our search for the 
origin of the marine salts, we can com¬ 
pare (Table 2) the relative abundance 

TABLE 2 

Average Composition of Igneous Rocks and of 
the Ocean Salts* 


Igneous rocks Ocean salts 

Per cent. Per cent. 


Cl . 

0 06 

55.3 

Na . 

2 50 

30.6 

SOs ........ 

. 0.10 

7.7 

Mg . 

2.29 

3.7 

Ca . 

. 3.47 

1.2 

K . 

2 47 

1.1 

Total .... 

. 10.89 

99.6 


* From Clarke, 1924, p. 29. 


of the components of the marine salts 
and of the igneous rocks. The compari¬ 
son is not very good, for the substances 
which make up 99.8 per cent of the ocean 
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salts only amount to 10.89 per cent, of 
the igneous rocks. A further objection to 
the view that igneous rocks are the source 
of marine salts is the fact that these 
constituents are quite different in the 
relative abundance in which they occur; 
for in the ocean salts the substances are 
in order of decreasing proportion 

Cl > Na > S0 4 > Mg > Ca> K. 

while in the igneous rocks, the order is 
partly reversed, and 

Ca > Na = K > Mg > 80 4 > Cl. 

After all, it is apparent that much of 
the eroded material derived from igne¬ 
ous rocks was simply disintegrated and 
transported by streams to nearby val¬ 
leys, with the result that only a fraction 
of the components of the igneous rocks 
was ever dissolved and transported for 
any great distance toward the sea. But 
among the elements which are common 
to the igneous rocks and the sea there has 
been a process of selection which has 
acted to preserve in solution chloride and 
concentrate sodium, while potassium and 
calcium have been lost. This view is 
made more reasonable by the fact that 
calcium and potassium are more abun¬ 
dant in the sedimentary rocks than 
chlorides and sodium, the latter two 
being in fact rather rarely deposited. 2 

It is a reasonable view to suggest that 
the marine salts were derived from the 
igneous rocks, but such a wide gap in 
time has intervened, and the sedimen¬ 
tary rocks which were removed are so 
dispersed and various that there is no 
profit in going beyond this suggestion of 
the remote relation which exists. A 
closer precursor of the marine salts can 
be seen in the dissolved material which 
the rivers bring to the sea. There is a 
good example of the recent formation of 
a salt lake in the Salton Sea, which was 
made in 1906 when the Colorado River 
overflowed into the Imperial Valley. 
But it is not a good analogy for the de¬ 
velopment of salinity in the ocean, for 

* F. W. Clarke, U. S. Geol. Survey Bull., 770, 
1924. 


the salt was derived from saline material 
in the soil rather than by concentration 
of the salt in the river water. The other 
saline lakes are equally poor models, for 
they have usually been found in the 
basins of still older lakes which had be¬ 
come saline and deposited their salt as 
they dried up. The present salt lakes 
are for the most part only the re-solution 
of these earlier deposits. 

The ocean is unique as a body of salt 
water. But it is easy to infer the devel¬ 
opment of its salinity from the course of 
present events. The rivers annually 
bring to the sea a large amount of dis¬ 
solved material. As the water of the 
sea evaporates it leaves behind the salt, 
and this process of chemical denudation 
and concentration must have occurred 
for as long a time as water has been con¬ 
densed upon the land and evaporated 
from the sea. The processes of chemical 
denudation have long been appreciated 
and carefully examined. The waters of 
all the rivers have been analyzed and 
their present annual contributions to the 
ocean salts have been compiled by F. W. 
Clarke. 8 These figures are listed in 
Table 3. 

TABLE 3 

Comparison of Oceanic and Fluviatile Salts 


Annual from rlvors In ocean 
(metric tons x 10 1 ) (metric tons x 10 11 ) 


co, ... 

001 300 

90 6 

so 4 ... 

332 030 

3,053 0 

Cl .... 

100 300 

20.038 0 

Na .... 

158.307 

14,130 0 

K ..... 

57 982 

010 8 

Ca .... 

507 070 

002S 

Mg .... 

93.264 

1,721 0 


When the ocean salts and the fluviatile 
salts are compared, it is plain that their 
compositions are quite different. In the 
ocean salts the components are, in dimin¬ 
ishing order of abundance, 

01 > Ns > S0 4 > Mg > Oa > K > OO. 
whereas in the fluviatile salts, the order is 
CO,*> Ca > S0 4 > Na > Cl > Mg > K. 

In some respects the positions are quite 
reversed, and if we are to regard the 
p. 138. 
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fluviatile salts as the source of the ocean 
salts, then some process of selection must 
have selectively precipitated calcium and 
the carbonates from the river salts, while 
it has precipitated the chlorides and 
sodium to a much smaller degree. 

The view that the salts of the ocean 
originated by concentration of the salts 
which are brought in by the river waters 
has been commonly advanced. Proceed¬ 
ing on the basis of that assumption, a 
simple calculation provides an estimate 
of the age of the ocean. 4 If the total 
amount of a substance in the sea be 
divided by the annual contribution of 
all the rivers, the quotient will indicate 
the age of the ocean. This procedure has 
been frequently followed, choosing by 
preference the element sodium as an in¬ 
dicator. The net result of the calcula¬ 
tion indicates that the ocean is about 
90,000,000 years old. A number of cor¬ 
rections for this figure have been care¬ 
fully reviewed by Clarke. 5 They include 
an allowance for the fact that the earth’s 
surface, which was originally covered 
with igneous rocks, is now about three 
quarters covered by sedimentary rocks, 
with the probability that in former times 
the sodium content of the rivers was 
greater than it is at present. These cor¬ 
rections would still leave the age of the 
ocean at about 70,000,000 years, which 
is apparently consistent with the dura¬ 
tion of other geological processes. 

Suppose we were to attempt an esti¬ 
mate of the age of the ocean on the basis 
of the time required for the rivers to sup¬ 
ply to the sea the other substances beside 
sodium. This has been done in Table 4, 
and the results are not at all concordant. 
It is not our particular problem to esti¬ 
mate the age of the ocean and we will 
accept the geologists’ figure, which is 
consistent with the steady accumulation 
of sodium. But the disagreement sug¬ 
gests that the sea has treated each com¬ 
ponent of river water in different 
fashion. In several conspicuous in- 

* Ibid. f p. 150. 

» Ibid., p. 154. 


TAHLM 4 


Calculations of Aob of Ocean (without 
Corrections) 



x 10» 

95 x 10« 


_ 

10* 


061 350 x 10* 

90 x 10’ 


553 x10» 

65 x 10« 

Ca 

_ _ _ 

- 10* 


557 070 x 10* 

60 x 10* 


510 xlO« 

61 x 10« 

K 

---- ss 

-- .88x10* 


57982 x10* 

58 x 10* 


3553 x 10** 

30 x 10 14 

S0 4 

_ _ 

«10* 


332 030 x 10* 

33x10’ 


1721 x 10** 

17 x 10“ 

Mg 

- 

- 18 x 10* 


93204 x10* 

03 x 10* 


14 130 x 10 u 

14 x 10« 

Na 

-- 

-- .8 x 9 x 10* 


158 357x 10* 

16 x 10’ 


25 538 x 10« 

20x 10 1 * 

Cl 

m 

-- 1 0 x 10* 


155 350 x 10* 

10 x 10’ 

stances 

the differential treatment ap 


pears to be the result of organic activity, 
and we are selecting these cases in order 
to demonstrate the significant relation of 
organisms to the mineral composition of 
the sea. 

Let us regard the results in the order 
of those which give the largest quotient 
and so suggest the greatest age of the 
ocean. On the basis of chlorine, the 
quotient is too great, and it is suggested 
that some chloride was originally present 
in the waters of the sea. 6 It is not likely 
that considerable quantities of either 
sodium or chlorides have been precipi¬ 
tated, for they do not occur in more 
than traces in most of the sedimentary 
deposits. Since no considerable deposits 
of chloride have been discovered the in¬ 
consistency in regard to chlorine can not 
be attributed to selective precipitation. 

The quotient for magnesium suggests 
an age of less than 20 million years. If 
magnesium had been precipitated more 
rapidly than sodium, the result would 
be explained. Sedimentary deposits con¬ 
taining magnesium salts are well known. 
Many organisms fix small quantities of 
magnesium in their shells or skeletons, 
and the corallines contain magnesium 

o Ibid., p. 142. 
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next in abundance to calcium. It is cer¬ 
tain that a considerable quantity of 
magnesium has been precipitated by or¬ 
ganisms, but it is difficult to account for 
the dolomites and other magnesium de¬ 
posits on the basis of organic activity 
alone. The fact but not the extent of 
magnesium precipitation by organisms is 
evident. 

The result of the calculation on the 
basis of sulfate comes next in order. 
Following the implication that a small 
quotient signifies more rapid precipi¬ 
tation, there should be evidence in the 
sulfur-containing deposits. It is not 
available in quantitative terms, but de¬ 
posits of sulfur, sulfates and sulfides of 
non-igneous origin are quite common. 
Sulfur is an element which is easily 
oxidized or reduced and which forms 
many compounds. It is an element upon 
which the sulfur bacteria depend and 
which they precipitate actively as sul¬ 
fur. In fact, it is extensively utilized by 
all organisms as sulfides. The organic 
traffic in sulfur is so impressive and it 
proceeds so frequently toward the for¬ 
mation of reduced sulfur from the solu¬ 
ble, oxidized form that we can easily 
believe that the metabolic reduction of 
sulfates has fixed large quantities. Such 
a process of organic precipitation may 
well have prevented sulfates from ac¬ 
cumulating in the sea as rapidly as the 
rivers brought them in. 

In the case of potassium the sediments 
contain notably larger proportions than 
sodium, 7 and the precipitated potassium 
is located in these deposits. Whether the 
amounts are of the right magnitude to 
strike a balance is a question. But it is 
conspicuous that organisms contain more 
potassium than sodium. Offhand it 
would seem as if sodium chloride were 
the principal mineral component of the 
animal for the simple reason that we are 
accustomed to add pure sodium chloride 
to our food. But the sodium chloride is 
ingested and promptly excreted, appar¬ 
ently filling its rdle in the rapidity and 

» Ibid., p. 140. 


ease with which it is transported through 
the body. No appreciable amount ap¬ 
pears to be fixed, and it is doubtful 
whether any of it even enters in any per¬ 
manent sense into the composition of the 
cell. 8 Potassium, on the other hand, is 
more essentially a true cellular com¬ 
ponent, and it is quite possible that its 
more intimate incorporation into cellu¬ 
lar substances had contributed to its 
removal from the river salts as they have 
become concentrated in the ocean. 

Calcium and carbonate are the prin¬ 
cipal components of fluviatile salts, but 
they are minor components of the ocean. 
Their removal must have been proceed¬ 
ing at the most rapid rate of all the sub¬ 
stances considered. It is also possible to 
see the precipitated calcium carbonate 
in the extensive sedimentary deposits. 
As their fossil structure shows, these are 
nearly all of obvious organic origin. 
And at the present time the process of 
calcium carbonate precipitation proceeds 
conspicuously in the rapid formation of 
shells and skeletons. 

It might be objected that it is unwar¬ 
ranted to suppose that the conditions 
seen in the rivers and ocean to-day rep¬ 
resent a fair sample of the preceding 
100,000,000 years. It is a desperate at¬ 
tempt to extrapolate from a few current 
years back to a position which is rela¬ 
tively so remote on the curve as is the 
supposed origin of the ocean. But it is 
not outright extrapolation of a long 
curve from a point. For there is no 
reason for believing in the occurrence of 
major natural cataclysms, and it would 
be assuming a cataclysmic change to say 
that the proportions of sodium chloride 
and calcium carbonate in the ocean origi¬ 
nated directly from the rivers. But that 
argument has not much positive bearing 
upon the necessary course of evolution 
of the oceanic salts. It is certainly im¬ 
pressive, however, that the substances 
which'would need to be abstracted from 
the fluviatile salts in the course of their 

» L, Irving and J. F. Mauery, BfoJ. Bev., Ill 
287, 1936. 
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conversion into marine salts can be seen 
in the sedimentary deposits in abun¬ 
dance corresponding to the precipita¬ 
tion which the hypothesis would require. 
It is also important to consider that or¬ 
ganic processes of fixation select the com¬ 
ponents according to the extent of their 
precipitation. 

The organic processes which remove 
minerals are selective. They do not take 
elements according to their abundance 
in the environment but according to some 
peculiar criterion of the organism itself. 
It may be that the criterion for the selec¬ 
tion of a substance depends upon its 
chemical properties, and the discrimina¬ 
tion which is shown toward magnesium 
and calcium seem to offer good example. 
Calcium carbonate is only sparingly 
soluble in sea water, and the sea is proba¬ 
bly nearly saturated with calcium car¬ 
bonate.* 10 If carbon dioxide is removed 
by photosynthesis, calcium carbonate is 
precipitated, a process which rapidly 
forms visible encrustations upon fila¬ 
ments of certain algae. Magnesium is 
an element which is similar to calcium in 
many respects, but it can not be precipi¬ 
tated by the photosynthetic removal of 
carbon dioxide, nor by any conditions 
which are naturally attained in sea 
water. 11 ’ 10 From these considerations 
one might say that chemical properties 
have determined the favor which organ¬ 
isms Bhow in selecting calcium carbonate 
in the formation of shells, and the fact 
that magnesium is only a rare component 
of shells and skeletons. 

The distinction is, although interest¬ 
ing, not particularly useful in showing 
how organisms make their selection. 
For naturally they can only accomplish 
John*ton and B. D, Williamson, Jour . 
Oeol, 24; 729, 1910. 

H. Wattenberg, Annalen d. Hydrographic 

maritime* Meteorologie , 59: 273, 1931. 

**A. B. Hans, /oar. Biol Chem ., 20: 515, 

im. 

« W. B, 0. Atkins, /oar. Marine Biol Jee f n. 
United Kingdom, 12: 717, 1922. 

*•&. Irving, /oar. Marine Biol Ass’n. United 
Kingdom, 1920. 


chemical reactions which are possible, 
and if the conditions necessary for the 
formation of a precipitate are inconsis¬ 
tent with the life of the protoplasm, then 
the precipitate will not be formed. The 
significant part of the precipitation ex¬ 
ists in the operation which locally affects 
the solubility of that substance so that 
it will be precipitated. And in order to 
secure the conditions for precipitation 
the organism must modify its environ¬ 
ment. Animals and plants can and do 
precipitate calcium carbonate very rap¬ 
idly, but in doing so they must work to 
modify the sea water locally so that the 
substance becomes insoluble. 

Such a reaction as the precipitation of 
calcium carbonate is reversible, and one 
might expect that in the sea or in tissues 
the precipitates would be dissolved again 
as readily as they were first formed. 
The precipitation is not, however, rever¬ 
sible in practice; for the first step in 
precipitation is for the precipitating sub¬ 
stances to make contact with each other, 
and they are highly mobile while they 
are in solution. Once the precipitation 
has occurred, the mobility of the sub¬ 
stance decreases, and the aggregation of 
precipitated particles further reduces 
the probability of contact with the dis¬ 
solving agent. It is in this way that 
precipitates which are formed locally by 
organic activity will not quickly become 
dissolved again, even though they are in 
contact with an unsaturated solution. 
The reversal of precipitation by reso¬ 
lution is qualified by such differences 
in velocity of the two processes that the 
reaction proceeds more rapidly toward 
precipitation. 

It has been suggested that the reasons 
for the selection by organisms of certain 
mineral constituents and the exclusion 
of others may be referred to the differ¬ 
ences in their chemical properties. The 
precipitation of CaCO s is easily accom¬ 
plished, but magnesium carbonate is 
soluble under conditions which organ¬ 
isms can produce. Another example is 
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seen in sodium chloride, which forms no 
natural organic compounds; nor does it 
enter into the processes of intermediary 
metabolism. It occurs in organisms in 
simple solution as a soluble salt, and no 
organic reaction renders it insoluble. 
But the statement of these differences 
according to chemical properties is 
simply another qualitative statement of 
the facts and does not particularly indi¬ 
cate how living organisms operate upon 
their lifeless environment. 

The most interesting relation appears 
m the fact that organisms select sub¬ 
stances from their environment in an 
active manner. Either they move about 
and on more or less random encounters 
pick and choose what they will admit: or 
else admitting all dissolved constituents, 
they excrete some and retain the others. 
This selection from the environment is 
one of the principal activities of organ¬ 
isms, and toward its execution they de¬ 
vote practically All their energy. Ani¬ 
mals and plants dispose of a very 
considerable amount of energy, and a 
large part of it is applied toward modifi¬ 
cation of the chemical composition of the 
environment according to their own in¬ 
herent organic plan. This plan is re¬ 
markably uniform, for the different 
forms of animals and plants display a 
surprisingly conservative and uniform 
pattern of chemical activity. The result 
is that all organisms are applying a large 
part of their energy to the selection and 
fixation of a few elements which fit the 
chemical pattern of their substance. 

Just how great is the amount of energy 
which organisms expend in modifying 
the chemical composition of their en¬ 
vironment! The answer is not numeri¬ 
cal but relative, for in the sea, organic 
reactions are the only ones which can 
produce appreciable changes in chemical 
composition. The changes in tempera¬ 
ture which occur in the sea are of insig¬ 
nificant influence in altering chemical 
composition. Currents and movement 
of water may aid in mixing or separat¬ 


ing components, but their influence is 
not directly visible. The light of the sun 
is only appreciably effective when ap¬ 
plied through the means of photosyn¬ 
thesis. In fact, one may believe that no 
significant exothermic chemical reac¬ 
tions would occur in the sea without the 
intervention of organisms. Through 
them, however, solar energy is constantly 
applied to the selective precipitation of 
some elements, and equally important 
from the view-point of selection from the 
environment, to the utilization of others 
without permanently withdrawing them. 

From these observations we could say 
that organisms have been constantly at 
work fixing some elements and discard¬ 
ing others. They fix calcium carbonate 
practically irreversibly: they fix some 
potassium and sulfur and magnesium, 
while they pass sodium chloride through 
their tissues as a transient mineral com¬ 
ponent which is never fixed. Thus the 
chemical pattern of organisms supplies 
the discrimination which would modify 
the fluviatile salts toward the composi¬ 
tion of ocean salts, and organisms con¬ 
stitute the only significant agent for 
such a change which can dispose of the 
energy necessary for its accomplishment. 

If we were to state the relation be¬ 
tween the chemical composition of the 
sea in terms of cause and effect, we 
should say that the environment is the 
product of the organism rather than the 
reverse. Such a simplification of the 
case involves an assumption of the valid¬ 
ity of the idea of significant causality, 
and to discuss the subject is to impose 
too great a burden upon a line of argu¬ 
ment which has been developed in order 
to show that organisms have an inherent 
discriminating preference for certain 
elements and that they dispose of the 
energy necessary to make the selection. 
In conclusion, I will leave the proposi¬ 
tion that only organic processes can have 
applied the energy which has brought 
the composition of the sea to its present 
condition. 
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Like glaciation, floods and famine, 
disease makes man active, versatile and 
inventive by shattering his complacency, 
rendering him supremely uncomfort¬ 
able, developing his foresight and forc¬ 
ing him to assume some responsibility 
for his own destiny. Pestilence destroys 
equanimity and teaches that procrasti¬ 
nation is death, action is life, and knowl¬ 
edge is salvation. Under its influence, 
men think, defy superstition, ignore tra¬ 
dition, and try the new. 

Diseases which do most for public wel¬ 
fare strike suddenly, kill quickly, de¬ 
stroy commerce, and cause panics. This 
fact is clearly seen by comparison. Tu¬ 
berculosis has contributed a great deal 
to preventive medicine, hospitalization 
and public health, but its lack of impact, 
spectacle and catastrophic effects per¬ 
mits an emotional tolerance where 100,- 
000 deaths from it cause less national 
excitement than one man trapped in a 
cave. 

Not so with leprosy, yellow fever, 
virulent smallpox, bubonic plague and 
cholera—they command respect, insist 
upon action, and get results. With in¬ 
dustry demoralized, business paralyzed, 
and the death-roll increasing from day 
to day, the anti-vaccinationist goes to 
the doctor or to the cemetery, the ob¬ 
structionist is cast aside, and a thor¬ 
oughly aroused public demands effective 
measures of control, makes appropria¬ 
tions to support them, and enacts laws to 
give them police power. 

Leprosy stimulated and developed 
ancient preventive medicine; bubonic 
plague was the great activator of medi¬ 
eval hygiene. The former gave rise to 
isolation; the latter, to quarantine. 


What these scourges were to the An¬ 
cients and to the Middle Ages in the 
development of public health, cholera is 
to the modern sanitation of cities and 
industrial centers in the nineteenth cen¬ 
tury. 

Cholera has been peculiarly persua¬ 
sive, persistent and successful in its pro¬ 
motion of sanitation. If the public 
health work it stimulated became highly 
efficient and by prevention of disease 
destroyed the obvious reasons for its 
own continuance and people became in¬ 
different and permitted it to cease for 
want of support, cholera had pandemics 
follow pandemics until the dullest na¬ 
tion was unable to forget the disasters 
it had suffered. Civilization is forever 
its debtor. 

Cholera Begins its World-Wide 
Mission 

Just when the comma bacillus first be¬ 
came parasitic for man, like the origin of 
life on the earth, is still a biological 
mystery. The disease known as cholera 
was described by the Ancient Chinese 
and Hindus. Hippocrates, the father of 
medicine and the famous physician of 
the Periclean age, gives considerable de¬ 
tails concerning the history and symp¬ 
toms of the disease. Aretoeus and Celsus 
were both familiar with it. Cholera has 
existed in India for many centuries in 
about the same form as at present. It 
appeared in the Portuguese settlement 
of Goa as early as 1543 and in the French 
district of Pondicherry in 1768. 

Armies have ever been the servant of 
pestilence. European invasions of In¬ 
dia, England’s opening up of Hindustan 
to the commerce of Western Asia and 
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Europe, and India’s fostering of trade 
•with the Dutch Indies spread the disease. 
Cholera held to the routes of armies en¬ 
gaged in war, followed caravans and 
crossed the sea to nearby islands. Fairs, 
religious festivals and pilgrimages re¬ 
peatedly brought crowds together, intro¬ 
duced the disease, and started pandemics 
which had repercussions even in remote 
countries. 

Of ten such pandemics since 1817, six 
went by land through Afghanistan or 
Persia and thence through the Caucasus 
and Transcaspia to Russia and Western 
Europe; four took the route via the Red 
Sea and Egypt and reached the Mediter¬ 
ranean basin by land and by sea. In 
1832, cholera embarked from Ireland for 
Canada and on the eighth of June ap¬ 
peared in a boarding house for immi¬ 
grants in Quebec. Thirty-six hours 
later by boat the disease had reached 
Montreal, 200 miles distant. 

Forwarding of immigrants quickly 
brought the disease to Kingston, Toronto 
and Niagara. It reached Detroit by 
similar means and proceeded west along 
the Great Lakes. At Fort Dearborn, 
out of one thousand men, over two hun¬ 
dred cases were admitted to the hospital 
in a week. In September, it was attack¬ 
ing the military posts on the Upper 
Mississippi. In the meantime, an immi¬ 
grant ship had started a new conflagra¬ 
tion at New York which extended up the 
Hudson and to Philadelphia and thence 
westward. In 1833, cholera entered the 
Gulf ports from Cuba, traveled up the 
Mississippi and Ohio Rivers and into the 
interior. It spread over the whole coun¬ 
try during 1835-36 and then subsided 
for nearly ten years. 

In 1846, the disease was again on the 
move. It crossed the Atlantic and 
started epidemics in both New York and 
New Orleans. In the two succeeding 
years it spread from the Atlantic to the 
Pacific and from Canada to the Gulf. 
It overtook the “forty-niners” in their 
covered wagons on the western plains 


and pursued the gold seekers bound for 
California via the Isthmus of Darien. 
Business was interrupted, opening up of 
the West delayed, and the development 
of the country retarded. 

The fourth pandemic of cholera is said 
to have originated in the festival of 
Hardwar in 1865 and to have subsided in 
the Mississippi Valley in 1873. It seems 
to have reached the United States from 
Bombay via Mecca, Marseilles and 
Havre. On October 12 the Atalanta 
arrived in New York from Havre after 
having had 102 cases and 23 deaths in 
passage. Cholera spread along the great 
intra-national highways of trade and 
travel and caused a deplorable mortality, 
especially in the Mississippi Valley. No 
organized effort was made to prevent the 
importation of the disease and little done 
to prevent its extension. 

But this pandemic gave a demonstra¬ 
tion the public was not likely to forget. 
It taught with terrible emphasis the 
necessity of sanitation, the danger of 
procrastination and the cost of indiffer¬ 
ence. Cholera has reached our sea¬ 
boards a number of times since but has 
been promptly refused admission; if it 
has slipped through a port of entry, it 
has immediately been brought under 
control and eradicated. 

Impressive Health Education 

As a teacher of sanitation and public 
health, the vibrio of cholera is effective 
beyond the reach of skill. It is dramatic 
in its demonstrations, and is deadly 
practical. So well did its instruction 
carry over into life that even a rumor 
of its approach caused houses to be 
cleansed, streets washed, marts of trade 
to become panicky, and citizens to flee 
their homes. 

Its technique and methods have been 
described by Heinrich Heine with the 
gift of a literary genius. A masked ball 
is on in Parts, the dance is in full swing, 
brave meh and fair ladies move to the 
rhythm of music, and joy is unconflned. 
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Suddenly the gayest of the harlequins 
collapses, cold in limbs, and under the 
mask “violet blue” in the face. Laugh¬ 
ter dies out, dancing ceases, and in a 
short while carriage loads of people are 
being hurried from the redoubt to the 
Hotel Dieu to die. To prevent a panic 
among the patients, the dead are thrust 
into rude graves in their dominoes. 
Soon public halls are filled with corpses 
sewed in sacks for want of coffins. Long 
lines of hearses stand outside of P6re 
Lachaise. The rich gather up their be¬ 
longings and flee the town. Over 120,000 
passports are issued at the Hotel de 
Ville. A guillotine ambulante is stalk¬ 
ing abroad, and its effects duplicate the 
scenes of the Revolution or the plague 
of Milan. 

John B. Rauch, secretary of the Illi¬ 
nois State Board of Health, in his mas¬ 
terly address at the opening of the 
National Conference of State Boards of 
Health at St. Louis in October, 1884, in 
urging the provision of facilities to com¬ 
bat cholera in the United States no less 
clearly indicated its terrible effects when 
he pointed out that “This means more 
than the good to be found in the saving 
of human life and in avoiding the suffer¬ 
ing and misery, the ruined homes, and 
desolated families which an epidemic 
always leaves in its track. It means the 
prevention of panics; it means the pre¬ 
vention of the loss of trade and com¬ 
merce; it means the prevention of the 
loss of millions of dollars, all of which 
would inevitably result from an epi¬ 
demic of Asiatic cholera in this coun¬ 
try. Already the disease has cost 
southern Europe not less than one 
hundred million dollars—six million 
dollars up to October first in trying 
to prevent its spread in Italy alone— 
with a loss of four million dollars even 
in the month of August before the dis¬ 
ease had effected a serious foothold; and 
now it is announced that the decrease of 
the national revenues of France has been 
materially aggravated by the reduction 
from the receipts from railways caused 


by the cessation of travel consequent 
upon the prevalence of the cholera epi¬ 
demic. And yet Europe is only upon 
the threshold of this epidemic. 

“Let us push sanitation by every 
means in our power, and to the fullest 
extent ... in the knowledge that every 
sanitary reform tells permanently and 
continuously on the whole body of pre¬ 
ventable diseases; and to the extent of 
such reforms are the conditions made 
more favorable for the prevention of all 
epidemics. No comparison is possible 
between the cost of suppression and the 
cost of an epidemic. . . . Who shall 
place a dollar-and-cents value on the 
lives which would be sacrificed, and the 
suffering entailed by an epidemic of 
Asiatic cholera ? Shall we wait until the 
pestilence has landed and obtained a 
foothold? A single outbreak, possibly 
a single case, in New York, Chicago, St. 
Louis, or New Orleans would cost the 
country millions of dollars.” (Shrink¬ 
age in the provision market). 

Cholera has not been an unmitigated 
evil. It compelled men to think, to 
learn and to act. Out of their terrible 
experience came better living conditions, 
broader sympathies, greater tolerance 
and a sense of social responsibility which 
had tremendous possibilities for the 
future. Men took inventories of them¬ 
selves and their communities, caught a 
vision of opportunities for progress, and 
moved forward. 

Even an unsentimental mandarin, 
when urged by Russian authorities to 
adopt preventive measures against 
cholera, showed that he apprehended its 
potentialities for good when he replied 
that “the deaths would allow more room 
in the world for those who survived, and 
besides, that cholera chose its victims 
from the filthy and the intemperate and 
that no person of courage, who lived with 
moderation and cleanliness would die of 
it.” Obviously, he lived before the era 
of bacteriology and was a near-sighted 
observer. 

“A Former Surgeon-General in the 
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Service of the Honorable East India 
Company” as early as 1866 understood 
that 44 epidemic cholera, like the plague 
and yellow fever, is a main branch of the 
Universal Sanitary Commission of Al¬ 
mighty God—armed with Herculean 
power to turn a river of death through 
the Augean stables of the world's filth 
and lewdness and drunkenness and ig¬ 
norance and waste; and in the name of 
the King of Terrors to compel from pur¬ 
ple and fine linen and sumptuous fare a 
trembling recognition of their mortal 
brotherhood with nakedness and starva¬ 
tion and pitiful squalor.” In beautiful 
language he anticipated the modern dis¬ 
covery that bacteria are great social 
climbers. 

When cholera appears, the enlight¬ 
ened world demands action. The voices 
of ignorance, tradition and procrastina¬ 
tion are lost in the loud insistence that 
science be used to prevent a catastro¬ 
phe. Through international confer¬ 
ences, maritime regulations and quaran¬ 
tine have been instituted and detention 
hospitals provided By the use of vis6s 
the routes of pilgrims are now being 
determined and their vaccination against 
smallpox and cholera are required. 
Sanitation has been improved on land 
and sea. Suffering has given rise to 
knowledge and progress has been wrung 
from disaster. 

Although cholera is still a major 
menace in certain parts of the world, it 
is not likely to be seen again as a pan¬ 
demic originating in Hardwar or Mecca 
and spending itself in the Mississippi 
Valley. When a million pilgrims can 
camp around Allahabad in 1930 without 
the occurrence of a single case of cholera, 
contributions of this disease to sanita¬ 
tion have become invaluable. With 
proper precautions the Faithful can visit 
their shrines in safety and business may 
proceed as usual. 

Personal Hygiene 

In a disease as sudden in its onset and 
as devastating in its effects as cholera, it 


is not surprising that speculations con¬ 
cerning its nature should be numerous 
and procedures for its control should be 
varied. They cover almost the entire 
field of personal hygiene and are potent 
factors in the general promotion of 
health. 

Nearly twenty years before the discov¬ 
ery of the vibrio of cholera, Montgomery 
of Madras warned against 4 4 the vicissi¬ 
tudes of climate”—sudden chilling of 
air and tropical suns—dry months and 
rainy seasons. He attached importance 
to physical fatigue and nervous depres¬ 
sion as predisposing causes and was con¬ 
vinced that both were markedly effective 
in individuals proceeding on long jour¬ 
neys or in soldiers on the march. His 
observations were correct, but the 
greater liability to attack was primarily 
due to increased opportunities for be¬ 
coming infected and only secondarily to 
lowered resistance caused by exhaustion. 

Excess in eating, drinking and venery 
were thought to be conducive to the dis¬ 
ease. 4 4 Undue abstinence or deprivation 
of food or the presence of injurious prop¬ 
erties in it” were to be avoided. The 
evils of overcrowding were recognized 
and vitiated air was considered 4 4 fatally 
morbific.” Lowered vitality from what¬ 
ever cause will favor the growth of the 
vibrio of cholera and also decreases the 
resistance to other diseases. 

44 The cholera poison” was known to 
affect 44 with equal virulence” bedding 
and towels so that the soiled linen of a 
patient could spread the disease over a 
whole district 44 Foul skins” and the 
clothing of the 44 great unwashed” were 
thought to create an atmosphere in which 
dirt might quickly be converted into 44 a 
nucleus of cholera poison.” This view 
led to the advice that particular atten¬ 
tion should be given to personal cleanli¬ 
ness by daily bathing and was most likely 
an important factor in overcoming the 
prejudice 'against bathtubs and in the 
repealing of the laws against them in 
many cities and states in this country. 
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Sanitation 

No fact of history is more astounding 
than man’s tolerance for filth—his con¬ 
tentment with dirty milk, his use of 
water contaminated with excreta and the 
disposal of refuse and his discharges in 
a way to spoil the landscape and to pol¬ 
lute his food. For centuries his esthetic 
sense was hopelessly dull, until cholera 
turned a stream of death into his sea of 
foulness. Then he began to think. 

He conceived “that cholera dis¬ 
charges, if cast away without previous 
disinfection, may impart their own in¬ 
fective quality ... to more innocent 
filth with which they mingle in drains 
or cesspools, and wherever else they flow 
or soak . . . thus poisoning . . . sub¬ 
soil water. ... If cholera poison . . . 
gets access even in small quantity to 
wells or other sources of drinking water, 
it will infect, in the most dangerous 
manner.” 

This conception, which has meant so 
much to water purification and sewage 
disposal, did not become a demonstrated 
conviction until Dr. John Snow in 1854 
informed the vestrymen of St. James 
that the severe outbreak of cholera in 
London was caused by water from the 
Broad Street pump and that it would 
cease if its handle were removed. This 
it did. A subsequent survey of the well 
and its surroundings by York showed it 
to be contaminated by a cesspool which 
had received excreta from patients with 
cholera. The users of the well were 
drinking dilute sewage. 

The classic lesson taught by cholera 
on the necessity of water purification 
and scientific sewage treatment in more 
modern times was given at Hamburg. 
Germany, in 1892. Both Hamburg and 
Altona, its virtual suburb, took their 
water supplies from the Elbe River. As 
Altona drew its water supply from the 
river below the outfall sewer of Ham¬ 
burg, its water supply contained more 
sewage than did the Hamburg water. 
There was also another difference. 


Hamburg used the water untreated; 
Altona, after slow sand filtration. Dur¬ 
ing August to October Russian emi¬ 
grants were detained in crowded bar¬ 
racks on the bank of the Elbe while 
en route for America. Their sewage was 
discharged into the river. In a little 
over two months Hamburg, with a popu¬ 
lation of 640,000, had 17,000 cases of 
cholera, 8,605 deaths, and a death rate 
of 1,342 per hundred thousand popula¬ 
tion. Altona with a population of 143,- 
000 had comparatively few cases and 
only 328 deaths. As many of the resi¬ 
dents of Altona worked in Hamburg, it 
is not surprising that some of them con¬ 
tracted cholera. 

Of extraordinary interest was the 
fact that m a certain portion of the 
towns the boundary line between them 
ran down the middle of the street. On 
one side the inhabitants received water 
from the supply of Altona; on the other, 
from that of Hamburg. The contrast 
was conclusive; the people of Hamburg 
experienced the epidemic; those of 
Altona escaped. 

Robert Koch, the great German bac¬ 
teriologist, thoroughly studied this epi¬ 
demic and succeeded in isolating the 
spirillum of cholera from the polluted 
water of the Elbe River. He definitely 
proved that the disease was water-borne. 
To these crystal clear demonstrations of 
cholera, reinforced by equally impres¬ 
sive ones of typhoid fever, we owe a great 
deal for the development in this country 
of water purification, sewage treatment 
and rural sanitation. 

When the cholera epidemic at Ham¬ 
burg proved the effectiveness of slow 
sand filtration in purifying the water of 
Altona, it led to the use of similar pro¬ 
tection for the Hamburg water supply 
and incidentally to the discovery of the 
fact that water purification not only 
produced a diminution in the death rates 
from cholera, typhoid fever and other 
intestinal diseases, but simultaneously 
caused a reduction in mortality rates 
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from non-intestinal diseases. This was 
noted by Dr. J. J. Reincke, health officer 
of Hamburg, and confirmed by Mills, 
Sedgwick and McNutt in this country. 
After carefully studying the problem, 
Hazen came to the conclusion that for 
every death saved from typhoid fever 
by the purification of water, there were 
three or four deaths saved from non- 
intestinal causes. 

Subsequent investigations have raised 
questions as to the validity of the Mills- 
Reincke phenomenon and Hazen’s the¬ 
orem. But there is no doubt that a pure 
water supply diminishes the presence of 
cholera, diarrhea, dysentery and typhoid 
fever. It is also clear that the absence 
of intestinal diseases and their debilitat¬ 
ing effects tend to insure the mainte¬ 
nance of individual resistance and 
thereby help to prevent the occurrence 
of other diseases like tuberculosis, pneu¬ 
monia, etc. Thus cholera, aided by 
typhoid fever, compelled a sanitary tri¬ 
umph in an era of epochal discoveries. 

Once it was clearly understood that 
cholera and typhoid fever were water¬ 
borne, sewage had to be disposed so as 
not to cause disease. As sewers were 
built to discharge their contents into the 
nearest body of water, difficulties ensued. 
If the stream receiving the sewage were 
small, a nuisance occurred, and litiga¬ 
tion arose as to riparian rights and dam¬ 
ages for pollution of the water; if un¬ 
treated, the water supplies became 
infected, or shellfish contaminated, epi¬ 
demics resulted, and legal action often 
followed. Modern sewage treatment is 
a great contribution of cholera and 
typhoid fever to public health. 

Cleanliness and Disinfection 

Cholera promoted cleanliness with a 
vengeance. It led to the adoption of 
extraordinary measures, which were 
even beyond the need of the occasion 
and often caused unnecessary expense. 
Streets were not only swept, but in many 
cities they were also washed and disin¬ 


fected. Many of them were so foul that 
this vigorous cleansing changed their 
atmosphere, and facilitated transporta¬ 
tion. The experience was novel; the 
example, overwhelming. 

It was a general impression in Europe 
that although cholera could not be ex¬ 
cluded by quarantine, it might be 
“stamped out” by disinfection. Thor¬ 
ough disinfection was declared to be the 
best means of protection against the dis¬ 
ease. To individuals and communities 
threatened by cholera, thorough was the 
superlative. 

Sewers were flushed with strong dis¬ 
infectants, docks were cleaned, and nui¬ 
sances were abated. Conditions likely to 
give rise to “mephitic vapors” and 
“poisonous gases” received special at¬ 
tention. Among outstanding dangers 
were sewers “which ran up-hill, and 
water closets, bathtubs, and stationary 
wash stands acting as ventilators for 
them.” “In London in 1859, 20,000 
pounds were expended in flushing the 
sewers with fresh water; and 110 tons of 
lime and 12 tons of chloride were thrown 
in every day at a weekly cost of 1,500 
pounds.” Some towns were rendered 
bankrupt by the thoroughness of their 
disinfection. 

Sulphate of iron or copperas was con¬ 
sidered the most efficient and potent. 
Carbolic acid and other coal tar prepara¬ 
tions were second choice. Disinfectants 
were poured into the pipes of wash 
stands, bathtubs and water closets. 
Their outlets were closed with cotton at 
night because “it has been observed that 
when meat is exposed to air which has 
been passed through cotton, it will not 
putrefy for months.” 

Freshly prepared lime was used to 
disinfect outdoor privies. Solutions of 
chloride of lime were poured into sinks, 
soil pipes and other places from which 
offensive gases arose. House drains and 
cesspools were similarly treated. Sulfur 
was burned, goods fumigated and the 
premises were whitewashed. Soiled 
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linens were burned, and in Cairo rags 
were disinfected by boiling for four 
hours. Cholera’s contribution to disin¬ 
fection is large and important; the extra 
cleanliness it produced probably saved 
more lives from other filth diseases than 
the deaths it caused. 

Quarantine 

Cholera did not inaugurate quaran¬ 
tine but modified, amplified and gave it 
greater international significance. The 
use of isolation to control disease is 
almost as old as history. The ancient 
Hebrews employed it centuries before 
the Christian Era, and the sanitary code 
of the Pentateuch describes rather in 
detail procedures to make it effective. 
In 1374 the Venetian Republic excluded 
infected and suspected ships and made 
the first quarantine of infected areas in 
1403, so-called because travelers from 
the Levant were isolated in a detention 
hospital for forty days. With the ap¬ 
pearance of cholera, this measure was 
promptly used to control it. 

However, it was found to be much less 
effective than had been anticipated. As 
a result, the impression soon became gen¬ 
eral in Europe that quarantine could 
not be relied upon to control cholera. It 
failed because carriers and mild cases 
were missed and passed into localities to 
start epidemics. With the discovery of 
the comma bacillus quarantine was 
placed on a sound scientific basis, and at 
present has a definite place in the control 
of cholera. 

Highly fatal pandemics produce a 
harvest of fruit as well as a crop of tares. 
Cholera caused much sickness, misery 
and death. Under its mortal magic, 
hope of accomplishment gave place to a 
pervading sense of futility, and the en¬ 


thusiasm of progress was overwhelmed 
by an appalling uncertainty. Civiliza¬ 
tion staggered from the shock of cholera 
and men wondered if another Dark 
Ages were at hand when bubonic plague 
wrecked empires and threatened man 
with extinction. Fatalism became domi¬ 
nant, moral idealism suffered a sag, and 
degeneration cast its ominous shadow 
across many lands of promise. 

But cholera has had a brighter side! 
It gave terrible emphasis to the urgent 
need of sanitation—the necessity of pure 
drinking water, the proper treatment of 
sewage, a safe and adequate food supply, 
refuse disposal, better housing, cleanli¬ 
ness and an efficient organization to pre¬ 
vent and to control contagion. Its con¬ 
tributions to epidemiology are classics. 
The Broad Street well and the Hamburg 
epidemics will continue to teach genera¬ 
tions yet to be born how intestinal dis¬ 
eases are spread. This scourge improved 
methods of disinfection and greatly in¬ 
creased the efficiency of notification of 
disease. 

Cholera played a most significant role 
in the development of public health ad¬ 
ministration. Under its stimulation, 
maritime councils were created, quaran¬ 
tines established, immunization made 
obligatory, and suspected carriers of 
disease kept under surveillance. It 
motivated the calling of international 
conferences on sanitation and caused 
treaties to be made for the control of 
pestilence. Under its pressure, national 
health agencies came into being, legisla¬ 
tive bodies assembled and laws were 
passed to promote health and to prevent 
disease. Through its influence boards of 
health were appointed, funds provided 
for their support, and commissions were 
set up whose reports mark the beginning 
of a new era in public welfare. 
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On January ninth I stayed in camp lose him just then, nor did I want Ngom 
and sent men out in several directions to take several days off to go to Lomie. 
to look for gorillas. In each party were I therefore told Ngom to let the matter 
two men. In case they should come upon rest until we returned to Djaposten, 
gorillas one man was immediately to re- where we could talk the palaver, and he 
tarn to camp for me, while the other man agreed to this. 

was to follow the gorillas, making a trail However, there was still bad feeling, 
so that he could easily be followed when and finally the day came to move camp, 
we arrived. They found no gorillas any- Ngom sent for more porters, but when 
where, so when they returned late in the they arrived there was one man short 
afternoon I hunted to the east and south and Ngom ordered his wife to carry the 
of camp. extra pack. I was busy packing up and 

On January eleventh I slept out in the getting the porters under way and at 
forest listening for gorillas. I heard last all the loads were gone. Tsama had 
them call twice and saw many places prepared a roasted plantain for my 
where gorillas had fed a short time luncheon and I waited some little time 
before. I returned to camp about 10:30 for it to cool before I could eat it. Thus 
a..m., where I heard a palaver between the others were far ahead when I started 
Ngom and Ndongo about one of Ngom’s with Tsama and a head-man named Olen, 
wives. Ngom had been grouchy for three who had two dogs he hoped to sell me. 
or four dayB; in fact, it seemed to me Following the trail toward Djaposten 
that nearly every one in camp was for about three miles in the heavy forest, 
grouchy, but I did not know the reason, we came upon Ngom standing beside his 
Finally this morning Ngom told me that wife with a whip in his hand. The pack 
Ndongo had taken one of his wives, was lying on the ground. The woman 
Ndongo heard this and said: “Him lie. was crying, and I could see a large welt 
I no bin take dem woman.” across her back and a couple more on 

“Him lie,” Ngom replied. “Me bin her thighs. As we approached, Ngom 
talk for dem woman. Woman he agree, ordered her to put the pack on her head, 
Ndongo no agree.” He added furiously, but instead she started to cry again. 
“Ndongo he go pay,” to which Ndongo Ngom was in a rage. He jumped at the 
replied, “Me no pay.” woman and struck at her, but the switch 

As Ngom was a chief he had a police- broke. He took out his knife, eat a piece 
man at his orders and he threatened to of liana hanging near by and etruek her 
have Ndongo taken to the French offl- once with this before I could take it 
cials at Lomie and put in jail. Ndongo away frpm him. He said she was making 
was my waah-boy and I did not want to a fu& just because there was a white 

sss 
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man there. I told Tsama and Olen to 
put the pack on her head and we all 
moved on. 

The next day 1 said to Ndongo: 
4 4 Ngom he got police, he go take you for 
Lomie. Chef~de-Poste he go say, Ndongo 
he bad man, den he make you pay hun¬ 
dred franc. Police go make you sleep 
for ground den flog you plenty. Maybe 
policy make you work for route. Dis 
palaver look bad plenty; Ndongo he bet¬ 
ter go pay Ngom just now, today/’ 
Ndongo said, 44 Ya, me go pay.” 

When Ngom came along I called 
him and said: 44 Maybe you go take 
Ndongo for Lomie. Chef-de-Poste go 
say, Ndongo be bad plenty for take dem 
woman. You go say, Monsieur Chef-de* 


Paste, you go make Ndongo pay hundred 
franc for me. Maybe Chef-de-Poste he 
go say, Ndongo take you woman, he pay 
hundred franc. Maybe Government take 
dem money, no give it for Ngom.” 
Ngom replied: 44 Ndongo he bin take my 
woman, he go pay.” I asked, 44 How 
much franc Ndongo go pay!” 44 Fifty 
franc (the equivalent of tw r o dollars), he 
answered. Ndongo paid. The palaver 
was finished. 

The following day when Ngom was 
about to leave for his house after visiting 
us, I saw him offer Ndongo a cigarette. 
Ndongo asked him to wait a minute and 
he would walk down to the village with 
him, In perfect peace they departed. 

The routine of hunting continued 
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without much variation. We had slept had a severe electric storm with much 
in the forest several nights in order to thunder, lightning, wind and rain. Of 
listen for gorillas. On the night of course we were all wet through, as we 
January eleventh we slept near a little had no shelter, sleeping on the ground, 
trail about three miles from camp. Dur- but we were not cold, for we managed 
ing the night I heard a gorilla talk only to keep a good fire going It was very 
once, far away and to the north, in the dark m the forest until 7*00 o’clock, 
direction Ngorn said they had been feed- Olen, a chief of one of the villages of 
ing the day before. At 5: 30 a.m. we Djaposten, with the two dogs which T 
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hoped to use in hunting gorillas and 
chimpanzees, was with us at this time. 

On the thirteenth of January Ngom, 
Nkoul, Olen and his two dogs and I 
hunted all day northeast of camp. We 
trailed a family of gorillas nearly half 
the day Once Ngom and I got near 
enough to hear them when they crossed 
a palm swamp. The (logs were kept on 
rattans, so they were useless. We saw 
fresh elephant tracks, but in all the 
hunting we ha^l not once had a chance 
to shoot an adult gorilla. 

On the sixteenth of January we re¬ 
turned to Djaposton. The porters had 
found a rotten antelope which had been 
killed by a leopard and partly eaten. 



A CHILD WITH BLEEPING 8ICKNE88. 
This condition represents the first stages or 

TRYPANOSOMIASIS. 


They took the remainder, but I warned 
them that I would look over every load 
when we arrived at Djaposten and if any 
load smelled of that meat, the porter 
would not be paid. It amused them very 
much when 1 sniffed the loads as they 
deposited them at Djaposten. 1 learned 
later that by agreement one man had 
carried all the antelope meat, while his 
load had been divided up among the 
others 

The day following my return to Dja¬ 
posten a native brought me a live scaly 
ant-eater, of which I took some motion 
pictures This animal was much more 
agile than the much larger East Indian 
pangolin 

On January twenty-first I w r ent with 
Meyong to a little village about four 
miles from Djaposten, toward Loraie, to 
see a man of that village who was said 
to have killed many gorillas and chim¬ 
panzees. This man, Malong, and 1 
hunted together all day toward the 
northeast, most of the time in second 
growth. I shot two large plantain-eaters 
and three monkeys, two with white on 
either side of the crow r n and one red¬ 
tailed. I also saw some large dark- 
colored monkeys with a white spot on 
the nose. On this hunt I found a very 
fine fungus, in form like a toadstool. 
The top was a flat disk with concentric 
growth rings. It w r as about eight inches 
in diameter, dark brown in color, with 
a stem about three eighths of an inch 
in diameter, also brown; the under side 
of the disk was cream-colored, not gilled 
like a mushroom but having a multitude 
of pores. 

Malong was terribly scarred on his left 
breast, shoulder and arm, and had four 
deep scars in his back. I asked him how 
he received the wounds and was sur¬ 
prised to hear him say that they were 
made by a gorilla four or five years 
before. He said that at that time he 
had not attained his full growth, did not 
have a beard and did not know woman. 
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I questioned him about it two or three 
times until I got the whole story. He 
had accompanied a party of rubber- 
gatherers into the forest. It was their 
habit not to get up very early in the 
morning, but he got up at dawn and 
hunted monkeys w f ith his cross-bow, 
which shoots a tiny poisoned dart He 
saw r monkeys in second growth trees and 
w T as approaching them when suddenly he 
was confronted by a large male gorilla 
on the ground. It rushed at him, 
stopped, looked and then went off a short 
distance Then it came on again and he 
turned to run The gorilla grabbed for 
his buttocks, missed and caught his 
ankle. He struck the animal on the 
hand and in the face with the cross-bow 
and it again retreated a few paces and 
stood watching him. At this point a 
female gorilla came down from a near-by 
tree and the male rushed him again. He 
struck it in the face with his fist, all the 
time shouting for his friends to bring 
a knife, but they did not hear. The 
gorilla again retreated a few feet, looked 
at him and again came on, this time 
grabbing him by both ears and trying 
to bite his face, but he turned his head 
down. The gorilla was holding his right 
hand and tried to bite it, but he managed 
to jerk it out of his mouth, getting a 
nasty cut on the back of his w r rist from 
the canine. The animal held him and bit 
his chest, shoulder and arm, but he 
finally struck it so that it released him 
and he escaped. 

Except for his left arm, which is weak, 
he is a powerful man. He says that 
when he remains inactive the arm gives 
him very little trouble, but when he uses 
it much it swells and becomes very pain¬ 
ful. Pus frequently forms in the scars 
and one or two were in this condition at 
that time. It was almost unbelievable 
that he was not killed by the animal. 

Such experiences are rare, but occa¬ 
sionally gorillas do harm the natives. In 



A BOY WITH SLEEPING SICKNESS, 
This lethargic and emaciated state repre¬ 
sents a LATER STAGE OF THE DISEASE. 


the same village w as a woman who years 
before had complained to the men that 
she was afraid to go into the low second 
growth to gather plantains and bananas 
because gorillas were there. The men 
told her to make a noise and the gorillas 
would run away. This she said she did, 
and a big gorilla rushed tow ard her, and 
as he went he gave her a back-handed 
slap that knocked her down and almost 
tore one breast off. 

Near the end of my stay in the Cam- 
eroun I had carried my embalmed gorillas 
down to the coast on a motor truck and 
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A SURE WAY TO SEE THAT THE PATIENT GETS THE PROPER DOSE IS TO PAINT 
THE AMOUNT ON HIS DARK SKIN WITH CHALK. 
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was returning when 1 met three natives 
carrying a man on a sling made of a 
pole and some burlap bags. As I came 
near they asked me if 1 would take the 
sick man 1o the next village on the truck. 
When 1 asked what was the matter with 
him, they told me that he had been bitten 
on the leg by a gorilla over on a near-by 
hill I asked, “Where is the gorilla*” 
and they replied, “Oh, he ran away” 
So I took him along to the village. On 
the way there the men told me that the 
sick man had been hunting with dogs for 
wild pigs when one of the dogs had run 
close to a gorilla. The animal dashed 
after the dog, who took refuge between 
Ins master’s feet, and as the man turned 
to run the gorilla grabbed lnm by the 
ankle and sank his large canines into 
the calf of his leg. When we reached the 
village 1 told them to take off the dirty 
rags bound around the leg, so that 1 
might see the wound When I looked at 
it I could clearly see the marks of the 
gorilla’s great canines. I remarked, 
“This is no fresh wound. When did 
this happen?” They replied, “About 
three months ago ” With medical care 
his wounds would probably long since 
have healed. 

One of the medical missionaries told 
me of a case where a gorilla had been 
shot and wounded by a native hunter. 
The animal charged the man and bit 
him on the arm or leg and then ran 
off. The doctor was called to attend 
this man’s wounds. In addition to the 
bites the doctor saw a clean, deep cut 
through the man's knee. He said, ‘ ‘ This 
wound was made by a knife, not by a 
gorilla. ’ ’ The wounded man maintained 
that it was made by the gorilla, but 
later his companion admitted that when 
the gorilla grabbed his friend he struck 
at it with his big machete-like knife. 
The blow missed the gorilla and cut his 
friend’s knee. 

As the natives travel through the 


forest, if they hear gorillas near by they 
make a detour to keep out of their way. 
On the other hand, should a group of 
natives, talking as they walk along, eome 
near a group of gorillas, the gorillas 
would quietly move off and, unless fol¬ 
lowed, would make no demonstration. It 
is only when they are followed or come 
upon suddenly, when some of the group 
are feeding on fruit or up in a tree, that 
an old male will attack. 

For centuries past the gorillas and 
natives have been competitors. As the 
native population increased, new villages 



AN OLD WOMAN WITH BLEEPING SICK¬ 
NESS. 


would be formed and more clearings 
made. Then epidemics would occur, kill¬ 
ing off great numbers of natives, and 
their gardens would be neglected to run 
into second growth. The gorillas, with 
a constitution so nearly like that of man 
that they can find more food in human 
plantations than in the virgin forest, 
would move into these deserted clearings. 
There with an abundance of food they 
throve and congregated, to such an ex- 
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tent eventually that if only a few natives 
remained they were actually driven out 
because of their inability to protect their 
crops against the gorillas. But with the 
advent of the white men’s government, 
with the distribution of firearms among 
the natives, preventive medicine and the 
treatment for epidemic and infective 
diseases, man has the upper hand at 
present in this age-long struggle? 

Natives often told me* 4 ‘If we could 
only find a group of gorillas up in a 
tree after fruit, we would be able to kill 
all or any we wished M On one occasion 
while I was at Djaposten natives of a 
village twenty miles away had come 
across gorillas in this way and killed 
several as they descended the tree. Sev¬ 
eral times 1 was able to follow gorillas 
closely enough to see the vegetation move 
as they descended the big forest trees 
that were bearing fruit. However, it 
was very difficult to approach gorillas 
under these circumstances, because they 


would be scattered about and one or 
another would invariably detect me or 
my companion before 1 had been able 
to find the particular gorilla 1 wished 
to collect. 

Another time I approached a group of 
gorillas that we had been following most 
of the morning. There were monkeys 
feeding in the trees overhead and big 
hornbills that made a great deal of noise. 
The gorillas were just at the edge of a 
palm swamp when I came up with them 
and one half-grown one was up in a tree 
on our right. Directly ahead of me in 
the swamp were two baby gorillas, prob¬ 
ably not more than fifty pounds in weight 
each, playing together on the ground as 
the adults were feeding near by. I 
waited, sure that within a moment one of 
the adults must come into view. Sud¬ 
denly the one on our right became 
alarmed and started to climb down the 
tree, then dropped from a height of per¬ 
haps twenty feet or more, tearing down 



DK. LEHMAN AND HIS MEDICAL £OY8. 

The natives are trained as technician's and nurses. 
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MOTHERS BRING THEIR BABIES, IN THIS CASE TWINS, TO THE CLINIC, USUALLY 
FOR TREATMENT, SOMETIMES JUST TO SHOW THEM OFF. 


vines and leaves that encircled the bole hunting in this same locality. The 
of the tree. Malong rushed toward him ground was slightly undulating and the 
as he dropped, but he made off through forest was heavy. We had been tracking 
the underbrush without making an out- a solitary gorilla for some time and we 
cry. A few minutes later, however, he were both very keen to get this animal, 
gave an alarm and the whole group hur- On two or three occasions we had heard 
ried away. him beat his chest and we could tell 

A few days later Malong and I were from his movements and the size of his 
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footprints that he was a large animal. 
Malong crawled just ahead of me and cut 
the vines with my knife, so that we might 
go forward without the slightest sound. 
We moved as quickly as we dared, for as 
the sun rose higher the leaves on the 
forest floor would dry and crackle On 
two or three occasions we got a momen¬ 
tary glimpse of the animal and from the 
springy way he stamped and bounded 
about he seemed to he full of life and 
vigor After about two hours 1 got a 
glimpse of him sitting in a tree fifteen 
or twenty feet above the ground, a small 
tree not more than ten inches in diameter. 
When I fired 1 was perhaps thirty yards 
away. He fell forward, I saw the outline 
of liis upper part and thought I had shot 
at the back of his head. Later I was 
greatly disappointed to find that I had 
not seen his head but the back of his neck. 
The bullet passed through the upper part 
of his chest and right shoulder, which 
apparently had been raised at the time. 
This made it very difficult to embalm the 
animal. 

It was just 11 • 30 when he was shot. 
Malong and I made a trail by compass 
back to camp. By hurrying we had re¬ 
established camp near the gorilla by late 
afternoon, when I began embalming the 
animal. We camped there that night. 

The following morning I sent a man 
to Djaposten for porters to cut a trail and 
carry out the gorilla. I worked all day 
on the animal, while every available man 
was employed on the trail. Several more 
men arrived that night from Djaposten. 

When the gorilla was fairly well 
embalmed I sent Malong, Ze and seven 
other men to finish the work on the trail, 
while sixteen others made a iepoy or litter 
on which to carry the gorilla. When this 
was finished they began the journey back 
along the trail with the animal, while 
still other natives carried outfit. I went 
along with the gorilla for some time and 
then on ahead, cutting a tree here and 
there. 


I arrived at Djaposten at 4:30 in the 
afternoon and sent Tsama and one or two 
otliers back to tell the porters that under 
no condition were they to stop but to 
keep moving until they got to Djaposten. 
Late that night I could hear chanting and 
realized that they were approaching. 
Finally at 1.30 in the morning they came 
in, bearing the gorilla. 

Just before they arrived one man came 
limping along on a stick, bolding up one 
foot and moaning. He dropped down 
beside me and showed me that he had a 
big thorn directly in the bottom of his 
heel. Witli a pair of pliers I was able to 
extract the thorn, which stuck nearly 
three quarters of an inch into the flesh. 

I had never known a more surly lot of 
natives than this group when they set the 
litter with the gorilla on the ground. 
All they would say was, ‘‘You bin kill 
we for today.’’ They had been carrying 
the gorilla, which weighed approximately 
three hundred and seventy-five pounds, 
on a litter made of green saplings weigh¬ 
ing probably one hundred and fifty 
pounds more, from about seven o’clock in 
the morning until one-thirty the follow¬ 
ing morning, through swamps and over 
a fresh-cut trail where there were thorns, 
sharp sticks and driver ants. 

A day or two later, in order to insure 
the perfect preservation of the animal, 
1 had a woman dig a hole eighteen inches 
deep and six feet long in the floor of a 
lmt. In this hole I put a canvas tar¬ 
paulin, which I waterproofed by painting 
it with paraffin wax. I then put the 
gorilla in there with embalming fluid. 

While waiting in Djaposten I decided 
that an easier way to get gorillas would 
be to use native dogs. I thought native 
dogs were worthless until I tried to buy 
them. The first of these worthless ani¬ 
mals cost me a hundred francs (about 
four dollars in our money); another, sup¬ 
posed to have been bred from a “white- 
man dog,” a hundred and fifty francs, 
which exactly equalled my cook’s wages 
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ARBUP, A MAN WITH A SHAVEN CROWN, BECAME NURSE FOR MY BABY GORILLA. 

for two months. The natives were very these dogs to come anywhere near me. 
fond of their dogs and in bargaining for 1 kept them tied up about camp and fed 
them I had to keep going up until I hit them meat when that was available and 
a sun* which made them throw affection other food that they would eat, such as 
to the winds. It took some time to get bananas and papayas, until their fear of 
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the white man was overcome. However, 
they were useless as hunting dogs because 
they were very much afraid of even wild 
pigs in the forest, and as soon as we got 
on the trail of a gorilla they all wanted 
either to walk right under my feet or to 
run back to camp. By the time I had 
proved to my satisfaction that these dogs 
were useless, the natives who had owned 
them and wanted them back"" had, of 
course, spent all the money and had no 
means of paying for them. 

Natives told me that sometimes when a 
dog came near a gorilla the gorilla would 
simply stand still until he considered the 
dog within reach, when he would sud¬ 
denly grab him and slam him on the 
ground This was the end of the dog. 

After I had obtained the first gorilla 
in this region, natives told me of a place 
about eighteen kilometers along the road 
where there had been two or three vil¬ 
lages, now deserted, so that the whole 
place was covered with second growth 
and gorillas found an abundance of food 
there I decided to investigate this 
locality, hut on the morning of my de¬ 
parture I was surprised to learn that one 
or two of my best porters refused to go, 
saying that people that went there died 
of sleeping sickness. I had been told that 
there were no inhabitants and I con¬ 
sidered that one was less apt to find 
infected tsetse flies there than about in¬ 
habited villages. When we reached there 
I found a deserted hut by the roadside, 
but all about was the densest type of 
jungle and the remains of a great many 
native houses that had tumbled down. 

I had been there but a short time and 
was out early morning hunting with two 
or three natives when 1 was taken with 
fever. I could scarcely walk back to 
camp, i remember sitting in a camp 
chair beside the fire in a dark palm- 
thatched hut without windows. Late 
that afternoon my boy told me that they 
had heard a gorilla near by and that some 
of the natives said that this gorilla had 


crossed the road on many occasions. I 
took my gun and went out to the roach 
This was a motor road kept open by the 
French government so that one truck a 
week was able to go down to Lomie and 
keep in communication with the French 
official there. However, I soon found 
that I was unable to stand and after wait¬ 
ing a few moments went back into the 
hut. I spent the following day in bed, 
was unable to eat and had a fever of 105°. 

That night T awoke and found the hut 
full of natives. Tsama told me that I 
had been talking, but they could not 
understand anything I said. This was 
about eight-thirty in the evening and I 
learned that an hour before, realizing 
that I was very sick, they had sent a 
boy to walk fifty-five miles to Nkol 
Mvolan to call Dr. Lehman. They said 
that if the boy was not lazy he should 
reach Dr Lehman by ten o'clock the 
following morning. 

Later that same night 1 could hear 
people coming along the road wailing, as 
I had often heard them when one of their 
own was dead or dying Natives arrived 
and, still wailing, came right into the 
hut and stood around my cot staring at 
me. Several times I remember telling the 
boys to send them outside. It seemed 
that word had been carried along the 
road in one direction by the messenger to 
Dr. Lehman, in the other by some one 
else. The verdict of the natives was, as 1 
heard them say when they left my bed. 
“This white man will die tonight and if 
he doesn’t die tonight, he will die tomor¬ 
row.’ ’ I knew only that I had a terrific 
headache, felt very weak and later was 
unable to sleep. 

The following evening I heard the 
natives shouting outside, then there was 
the sound of a motorcycle. A few min¬ 
utes later Dr, Lehman came in. He told 
me that the boy had arrived at his place 
at two o’clock that afternoon, having 
covered fifty-five miles in nineteen hours, 
withQut 4 stopping. Dr. Lehman, having 
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ONE OP THE FTR8T PICTURES OP MKBHIE, A BABY CHIMPANZEE ONE YEAR OLD. 


been told that I was seriously ill, had There was a severe electric storm dur- 
eome immediately. He gave me an injee- ing the night and though this made the 
tion of strychnine and then hurried on to road bad, he said: “I must try to get 
Djappsten, but returned in about an hour you to Abong Mbang. I will go there to 
and spent the night in my hut. see the Commissaire and if their truck is 
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there, I will come back immediately for 
you.” 

He left at daybreak and was back 
shortly after noon with the truck. The 
natives had to fold up my camp cot a 
little m order to get it through the door 
with me. Then we were out in the blind¬ 
ing midday light and the natives stood 
about while Dr. Lehman read a prayer. 
After that I was shoved into Che truck. 

That three-hour trip to Nkol Mvolan 
was about the worst ride I ever had. 
However, with the wonderful care and 
treatment given me by Dr Lehman at 
his home I was soon able to be up and 
about. Dr. Lehman tried to persuade 
me to return to the States, but I wanted 
to go back to Djaposten to try to get two 
more gorillas and some chimpanzees. I 
realized that I should be unable to hunt 
myself, but I intended to let the natives 
do the hunting and I would prepare the 
animals when they had secured them. 

Dr. Lehman often remarked that my 
boy Tsama was anything but a cook, but 
he was the only one of the three boys I 
had brought from Yaounde that was still 
with me. In the many months that I 
had been living about Djaposten I had 
lived to a large extent on the native food. 
Dr. Lehman said, in a later note advising 
me to return home: “It is not likely you 
can get better with the cook you have 
and the food available there.” 

While I was sick at Dr. Lehman’s, 
Tsama told me one day that Nkoicha (Dr. 
Lehmah’s cook, who had been trained for 
years by Mrs. Lehman) was making 
cookies. On occasions when Dr. Lehman 
had come to Djaposten he had brought 
a tin of these cookies and Tsama knew 
that I liked them. I told him once that 
if he were a good cook, he could make 
cookies too. So now I told him to go and 
see how Nkoicha made cookies and later 
he told me he had the receipt written 
down 

Back at Djaposten a few weeks later, 
one afternoon as I was starting out to 


hunt Tsama came to me and said, ”Mon¬ 
sieur, I like for make cookies.” Not 
wishing him to waste my supplies, I said, 
‘ 4 Bring detn receipt.” He brought it 
and I showedj him how to divide it in 
order to make Half the amount called for, 
for he did not know, for instance, what 
was a quarter or a third of a cup of in¬ 
gredients. 1 returned from the forest 
just before dark and Tsama said with a 
smile, “Monsieur, cookies live for table.” 
He followed me into the house, where I 
saw some cookies on a plate and others 
in a tin. He was eager to have me try 
them immediately and said, “Monsieur, 
chop ’em just now.” I picked up a 
cookie and remarked, “Tsama, plenty fat 
live for dem cookies.” He replied, “Ya, 
’e be plenty fat.” I then asked, “How 
*e be plenty fat ? No plenty fat live for 
dem receipt ” He answered, “But for 
dem paper V live two receipt, one for 
cookies, one for doughnuts. For cook 
’em 1 bin take receipt for doughnuts.” 
In other words, they were boiled i% oil. 

The examinations that Dr. Leh^ftfn put 
me through showed that I had infracted 
sleeping sickness, two kinds pf malaria, 
hookworm, ascariasis (infection with the 
roundworm Ascaris) and a number of 
other intestinal parasites. It is not sur¬ 
prising that an occasional white man, 
living practically as the natives do, 
should be affected with some of these 
things, for at the time of my visit in that 
district it was said that 65 per cent, of 
the natives had sleeping sickness, some¬ 
what over 33 per cent, had malaria, and 
other diseases, such as syphilis, yaws and 
leprosy, were common. A great many 
natives were infected with Filaria , mostly 
of the type carried by the “osun” fly. 
One of my porters who contracted sleep¬ 
ing sickness seemed to suffer in about the 
same way that I did. Unfortunately he 
did not seem to respond to the treatment 
and died after four years. 

It might; be supposed that it was simply 
through* carelessness that I had acquired 
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ME8HIE PLAYING IN THE WATEli WITH MPENIMAW’H (MIILDKEN AT 

DJAP08TEN. 


all these infections. It was not, for I 
was well aware of the dangers of infec¬ 
tion and naturally had tried to avoid it. 
The four white men that originally com¬ 
posed our party had all taken quinine 
regularly during the entire trip as a 
prophylaxis against malaria, and none 
of the others suffered with it. But 1 had 
been in the neighborhood of Djaposten 
for a much longer period of time than I 
had planned and had run out of quinine 
for a short time before the extra supply 
arrived. It was during this time that I 
had my first attack of malaria. This 
seemed to weaken me so much that even 
after I got quinine the ordinary prophy¬ 
lactic dose did not prevent recurrence of 
the disease. It was necessary for me to 
take thirty grains a day for two months 
and then to continue with slightly smaller 
doses for two months more. 


Of course in camp and in traveling we 
were always very careful to have our cots 
covered with mosquito netting and to 
search the inside of the net by means of 
an electric torch after we had tucked 
ourselves in But naturally in hunting 
in the forest and being about camp in the 
early morning and evening we might be 
bitten by Anopheles without knowing it. 
This would be much less likely if one re¬ 
sided in a screened bungalow, which is 
the usual thing at the present time for 
people living in the tropics. 

The boys are given to understand that 
all water for drinking purposes must 
always be boiled in order to avoid 
possible dysentery or certain types of 
Filaria, typhus or typhoid, etc. Never¬ 
theless, Dr. Engle acquired dysentery 
while in the Belgian Congo, and though 
he received medical care there he was in- 
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MEHHIE IN HER AMERICAN HOME 


capacitated for many months after his by direct contamination of food or water 
return home or by going barefooted, but one may also 

One may acquire such things as round- get it by wearing leaky shoes, which was 
worms (Aseam) if the boys do not use my ease. The extremely minute larval 
boiled water for washing dishes and also hookworm, coming in contact with the 
from using dish-cloths which have not soles of the feet, is said to burrow 
been sterilized and which may have through the skin and work its way into 
touched the ground, where the ova of the lymphatics, which it follows to the 
these animals are to be found. Ascaris thoracic duct and there enters the blood 
is a very common infection of children stream. In the blood stream it goes to 
when they are crawling around on the the lungs, works its way through the lung 
bare ground. Sometimes a child will tissue into the bronchi, then goes up the 
contain hundreds of these worms at one trachea and down the esophagus, passes 
time. The adult worms are about a through the stomach, and finally becomes 
quarter of an inch in diameter and six attached along the walls of the duo- 
inches long. denum, where it lives on the blood. 

Hookworm is usually acquired either In the Cameroun the guinea worm, 
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which is a filarian reaching a yard in 
length, is rare. However, these are 
smaller filarians which are very common. 
Perhaps the most common is the eye- 
worm, Ftioria loa. The microscopic 
stage of this animal is carried by a 
tabanid fly known to the natives as 
“osun,” which is common, especially in 
dry weather. These filarians grow in 
the subcutaneous tissues and in the small 
veins and lymphatic vessels, especially of 
the extremities. This, I believe, is the 
organism that frequently causes elephan¬ 
tiasis. On a number of occasions when 
I assisted Dr. Lehman at operations these 
worms were found in the tissues. As a 
rule, however, they cause little incon¬ 
venience. 

1 saw no infections of tapeworm in the 
Cameroun, but I suppose they occur 
there, as one of the gorillas we killed in 
the Kivu was very heavily infected. 

Taws, syphilis and leprosy, though 
common, are no more likely to be ac¬ 
quired by white travelers in Africa than 
elsewhere. Yaws is very prevalent 
among the natives; the missionaries told 
me that the natives had regarded this 
disease much as we might regard measles, 
mumps or whooping cough, and appar¬ 
ently felt that everybody had to have it. 
But they had different names for the 
preliminary, secondary and tertiary 
forms of the disease and did not recog¬ 
nise them as stages of the same disease. 
Hundreds of lepers were being treated 
with an extract of chaulmoogra oil, which 
apparently cures this disease. 

While at Dr. Lehman's home I saw a 
great deal of the wonderful work that 
he, like other medical missionaries, is 
doing. Great numbers of natives were 
examined for sleeping sickness, malaria, 
yaws and all sorts of other diseases and 
the infected persons were treated. Chil¬ 
dren who contracted sleeping sickness 
sometimes became very fat in the first 
stages of tike disease; then as its effects 
progressed gradually began to waste 


away until some looked, as all the affected 
adults did, like living skeletons. 

During the latter part of the time that 
I was in camp near Djaposten a couple 
of natives came in to my camp bringing 
a little chimpanzee, which I bought for 
three hundred and fifty francs (about 
fourteen dollars). She was a tiny little 
thing, not more than a year old and 
weighing about ten pounds. We called 
her Mon-A-Waa, Child-of-a Chimpanzee. 
Shortly after I returned to Djaposten 
she was playing with children and I 
heard them calling her Meshie-Mungkut 
(referring to her swaggering walk), and 
this name she retained. She became a 
great pet and very soon learned to sit 
beside me when I was having my meals 
in camp and to eat with a spoon and 
fork and follow me about wherever I 
went. When I drove a motor truck she 
sat beside me, but as I had no windshield 
the wind would blow in her face. This 
she disliked very much and consequently 
would keep her face so screwed up that 
absolutely every particle of skin was oc¬ 
cupied by wrinkles. 

To summarize briefly Meshie’s later 
history, which has been written in many 
magazines in the United States and 
abroad, she returned to America with me 
and for about four years was the com¬ 
panion of my children in my home. She 
was so intelligent and learned so many 
things easily that a wider and wider 
circle of people became interested in her. 
I finally took her with me on my lecture 
tours to show what a young anthropoid 
was capable of learning in a human en¬ 
vironment. Meshie made a great many 
friends during that time, and when she 
beeame too strong to be a safe playmate, 
we all parted from her with regret. She 
now has a good home and a happy life 
more in keeping with her natural state 
in the Brookfield Zoological Park of 
Chicago. 

After spending about nine months in 
the forest near Djaposten I left there, 
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having secured in that region two adult 
male gorillas, which I embalmed, as well 
as some chimpanzees and the skeletons 
of gorillas and chimpanzees which I 
salvaged from natives. I then returned 
to Yaound6 and made a trip in the direc¬ 
tion of Akonalinga, where I secured an¬ 
other fine adult male gorilla. 

Finally, having collected all the mate¬ 
rial originally planned by the expedition, 
I sailed for home on January 5, 1931. 

In conclusion, I wish to express my 
deep appreciation to my friends of the 
American Presbyterian Mission in the 
Cameroun for their innumerable kind¬ 
nesses, to the officials of the Cameroun 
for their courtesies and to the many 
natives who served our expedition faith¬ 
fully. 

POSTSCRIPT 
By William K. Gregory 

As both Columbia Unversity and the 
American Museum of Natural History 
stood for the protection and conservation 
of the gorilla, Mr. Raven made no at¬ 
tempt to exceed the modest quota allowed 
the expedition officially, although in pre¬ 
vious years collectors had organized 
drives and secured great collections of 
gorilla skins and skeletons. Moreover, 
Mr. Raven had opportunity to witness 
the unfortunate effect, so far as the pro¬ 
tection of the gorilla was concerned, of 
the demand for gorilla skulls on the part 
of scientists, to such a degree that white 


men as well as natives had in the past 
often done a profitable business in killing 
the animals and selling their skulls. The 
result had been a rapid decrease in the 
gorilla population, so that Mr. Raven, 
although by his record known to be a 
hunter and collector of the first rank, 
was compelled to hunt week after week 
in a desperate effort to come up with the 
nervous survivors of the race in this 
district. 

Nevertheless, Mr. Raven’s experience 
leads him to believe that while the 
gorilla is being rapidly exterminated in 
many localities, it may be actually in¬ 
creasing in others, as in the district 
northwest of Lake Edward, recently 
visited by Martin and Osa Johnson. 

Dr. Engle, whom we left at Stanley¬ 
ville when we started for West Africa, 
obtained the remaining records and 
photographs needed by Professor Mor¬ 
ton, made many interesting observations 
in the hospitals and medical research sta¬ 
tions along the Congo River and then re¬ 
turned to New York. He has summar¬ 
ized his impressions of the effect of white 
civilization upon native life in the Co - 
lumbia University Quarterly for June, 
1932. 

Upon each of us Africa has set the seal 
of its magic. And whenever the fancy 
strikes me I can stand again in the forest 
on the mountains near Lake Kivu and 
hear the old gorilla utter his defiant 
scream. 
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The question is often asked, “What is 
an arboretum, what is its purpose and 
its limitationsf” Briefly it may be de¬ 
scribed as a collection of living trees and 
other plants having woody or ligneous 
stems above ground, that is, including 
shrubs and woody vines in addition to 
trees. Such a collection is understood to 
include an assortment of species brought 
together and planted for experimental, 
comparative or ornamental purposes, as 
distinguished from a plantation of one or 
few species which we designate as a 
grove. An orchard is really a form of 
an arboretum, but is usually understood 
to comprise trees planted for culinary or 
other directly economic products. Most 
arboreta are connected with or form 
parts of botanic gardens. The trees and 
shrubs which make up the collections 
may be scientifically arranged in se¬ 
quence according to an accepted botani¬ 
cal classification or they may be grouped 
according to ecological factors or for 
their uses or with considerations of land¬ 
scape or, as often prevails, in plantations 
where families and species are indis¬ 
criminately mixed. 

While the Latin word arboretum is 
usually applied to the collection of trees 
and shrubs planted for comparative 
study or scientific purposes, the Latin 
word arbustum is sometimes used to 
designate the same thing and has essen¬ 
tially the same meaning. Thus we have 
the “Arbustum Americanum” of 
Humphry Marshall, published in 1785, 
one of the earliest botanical publications 
in America, by a native-born American, 
on native trees and shrubs known to that 
time. In a close analysis or differentia¬ 
tion, the word arboretum would be 
strictly applied to trees, while the term 


fruticetum would comprise shrubs and 
other woody plants which could not be 
classed as arborescent. But arboretum, 
as now most commonly used, includes 
shrubs and woody vines or climbers. 
However, a plant which grows as a tree 
in some situations mpy be reduced to a 
shrubby form in others, as in valleys or 
high, exposed parts of mountains, or a 
species of plant considered as a shrub 
may occasionally be found to become 
arborescent. Therefore the line separat¬ 
ing a tree from a shrub may be stated as 
artificial, arbitrary and often difficult to 
establish. The definition of a tree differs 
somewhat with different authorities. 
The late George B. Sudworth, dendrolo¬ 
gist of the U. S. Forest Service at Wash¬ 
ington, stated 1 * the definition of a tree is 
based on habit rather than size, and in¬ 
cludes such woody plants as produce in 
nature a single trunk branching more or 
less above the ground. ” Plants which 
normally produce several stems from the 
same root are by this rule excluded, al¬ 
though their plural stems may sometimes 
attain large size, as in some species of 
alders, willows, etc. A scientific defini¬ 
tion is that given by the late Professor 
B. E. Fernow, one-time chief forester of 
the United States and afterwards head 
of the forestry departments of Cornell 
and Toronto Universities. His definition 
is: “Trees are woody plants, the seed of 
which has the inherent capacity of pro¬ 
ducing naturally, within their native 
limits, one main erect axis bearing a defi¬ 
nite crown, continuing to grow for a 
number of years more vigorously than 
the lateral axes, and the lower branches 
dying off in time.” 1 
As it is not always easy to define 
1 “Gardexumd Forest , 99 Vol. 1, p. 410, 1888. 
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whether a species is entitled to be ranked 
as a tree or a shrub, so it sometimes is 
difficult to decide whether a plant usu¬ 
ally classed as a herbaceous perennial 
should not be placed in the rank of 
shrubs or subshrubs, f ruticose or suffruti- 
cose. For there are many so-called herbs 
which develop more or less ligneous 
crowns or short, woody stems above 
ground. Tropical or subtropical plants, 
like lantanas, heliotrope, etc., cultivated 
in northern gardens as annuals, may be 
substantial shrubs in their home environ¬ 
ments. A native species which may 
appear as distinctly herbaceous in its 
northern range may develop a decidedly 
woody character in its southern limits or 
under peculiar ecological conditions. 
Thus there is really no sharp dividing 
line between trees, shrubs and herbaceous 
perennials. They are more or less inter¬ 
related and naturally should go as a unit 
for a botanic garden of hardy plants. 
This was the intent of the trustees who 
conveyed the Arnold fund, founding the 
Arnold Arboretum, to Harvard College, 
a trust which was never fully carried out, 
as the “herbaceous plants” stipulated 
were never included by the management. 

With the early collections of trees 
there were usually associated shrubs, 
vines and herbs, the latter often being 
the dominant feature of what came to be 
known as “physic gardens,” where 
special attention was given to medicinal 
plants and to those furnishing sustenance 
among such groups as monks or priests, 
who avoided the use of animal or flesh 
foods. In past ages, hundreds or thou¬ 
sands of years before the Christian era, 
such peoples as the Chinese and the 
Egyptians had their gardens which con¬ 
tained trees, shrubs and herbs, native or 
brought from distant lands, the best col¬ 
lections being about temples and ceme¬ 
teries. 

The formation of arboreta or collec¬ 
tions of trees long antedates the records 
which have been handed down to us in 
the earliest writings which have been pre¬ 


served. Very naturally the early selec¬ 
tions and collections of trees, together 
with herbs, had to do with their direct 
utility, in a domestic sense, to human 
needs and desires, particularly those 
which afforded foods, spices and drugs. 
Southern Asia and Europe, now regarded 
as the natural garden in which originated 
the most useful species of our apples, 
pears, quinces, plums, almonds, cherries, 
figs, olives, oranges, pomegranates, fur¬ 
nished the tribes, usually regarded as 
semi-civilized, with a considerable vari¬ 
ety in their diet. Thus collections of 
trees or orchards were first formed long 
before books were printed about them. 
Primitive names for operation or man¬ 
agement, such as planting, pruning, 
grafting, etc., were in use long before 
they were written. Of course there are 
references to trees and other botanical 
objects in the early scriptural stories. 
From these it would appear that Solo¬ 
mon had collected a great variety of 
trees and other plants, forming an or¬ 
chard or arboretum of fruit trees bearing 
edible fruits, and trees producing spices, 
as well as so-called “barren trees, ” as the 
Cedar of Lebanon (Cedrus libanotica). 
In early records there is frequent men¬ 
tion of palms, cypress, fig, olive, cinna¬ 
mon, camphor and others, some of ques¬ 
tionable identity. However, these are 
not recorded as forming definite groups 
or collections, arboreta or orchards. 

The best available source of positive 
information concerning the trees known 
to the peoples or nations of antiquity is 
to be found in the works of Theophras¬ 
tus, sometimes called the “Father of 
Botany,” which give us the best history 
of trees known to the Greeks down to the 
third or fourth century before the Chris¬ 
tian era. In his famous and exhaustive 
“History of Plants” Theophrastus de¬ 
scribed hundreds of kinds of plants, a 
large proportion of them with sufficient 
accuracy to enable modern botanists to 
identify ‘and classify them in modem 
botanical terms. 



ARBORETA, OLD AND NEW 


543 


It appears that, upon his death, Aris¬ 
totle left his garden, in the Lyceum in 
Athens, to his pupil Theophrastus, and 
no doubt it was in this garden and arbo¬ 
retum that Theophrastus made many of 
the interesting observations recorded in 
his ‘‘History of Plants/’ of which there 
are translations in a number of lan¬ 
guages. From the studies of botanical 
investigators into the identity of species 
of trees and shrubs known to Theophras¬ 
tus it would appear 2 that he was ac¬ 
quainted with not less than 170 species, 
belonging to 53 natural groups, in addi¬ 
tion to others which remain in doubt 
because of inadequate descriptions. Nat¬ 
urally a large proportion of these trees 
and shrubs were natives of Greece. The 
list includes a considerable number of 
great economic or historical interest, 
some of them brought from other regions. 
It is not claimed that all the species 
known to Theophrastus existed in the 
garden which he inherited from Aris¬ 
totle, but no doubt a considerable propor¬ 
tion were to be found there. Aristotle is 
understood to have written two books on 
plants before the “History of Plants/’ 
but these did not survive the passing 
centuries and are forever lost. The 
“History of Plants/’ by Theophrastus, 
brings us some idea of what must have 
been the interest in trees before his time, 
never recorded in writing but passing 
down from generation to generation and 
exhibiting a surprising knowledge of 
plant variations in wild species or their 
cultivated forms. In various species he 
records that some superior forms have 
been named and that when these are 
grown from seed there is likely to be de¬ 
generacy. Besides seeds he speaks of 
propagation by cuttings, root cuttings 
and grafting, in terms which compare 
well with many of the essays by writers 
of the present day. 

Only as a story do we know of the gar¬ 
den of Alcinous, which existed about 600 

8 London, “Arboretum et Frutieetum Britan- 
nicum, ’ 9 Vol. 1, p. XT. 


years before the time of Theophrastus, or 
a thousand years before the beginning of 
the Christian era. The record of this 
garden is essentially legendary. Homer 
has given us, in the ‘‘Odyssey,” a picture 
of it. It probably existed and contained 
an assortment of trees, mainly those hav¬ 
ing an economic or esthetic value, and 
was considered wonderful in its time. 
Dioscorides, who lived and wrote his 
famous “Materia Medica” in the first 
century of the Christian era, gives us 
valuable information on the botany of 
his time and earlier, but of course this 
has no relation to any particular form of 
botanic garden or arboretum. 

As already stated, these early collec¬ 
tions were essentially of utilitarian inter¬ 
est closely related to general horticulture 
rather than of a purely arboricultural 
character, but they serve to show a trend 
to an interest in trees and shrubs which 
has finally developed into collections 
which are purely arboricultural or sylvi¬ 
cultural in purpose. 

The Romans seem to have largely ac¬ 
quired their knowledge of trees from the 
Greeks, although numerous exotic species 
were introduced, so that an enumeration 
of the plants known to and introduced 
by them would show an acquaintance 
with most of the important species now 
recognized as native to Europe. Pliny 
in his famous “Natural History” gives 
us by far the best account of trees as 
known to the Romans in the first century 
of the Christian era. While he does not 
particularly enumerate trees as aggre¬ 
gated into collections or arboreta, he does 
give us an account of the most interest¬ 
ing kinds known to his countrymen. 
That trees, outside of orchard collections, 
were planted in groups or groves and 
highly considered, may be best shown by 
the following quotation from Holland’s 
Translation of Pliny’s “Natural His¬ 
tory” (p. 357): 

“In old times trees were the very temples of 
the gods j and, according to the ancient manner, 
the plain and simple peasants of the country, 
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savouring still of antiquity, do at this day con¬ 
secrate to one god or other the goodliest and 
fairest trees that they can meet withallj and 
verily, we otirselvos adore, not with more rever¬ 
ence and devotion, the stately images of gods 
within our temples (made though they be of 
glittering gold and beautiful ivory), than the 
very groves and tufts of trees, wherein we wor¬ 
ship the same gods in religious silence. First, 
the ancient ceremony of dedicating this and that 
kind of tree to several gods, as proper and pecu¬ 
liar to them, was always observed, ancTcontinues 
to this day. For the great mighty oak, named 
esculus, is consecrated to Jupiter, the laurel to 
Apollo, the olive to Minerva, the myrtle to 
Venus, and the poplar to Hercules. * y 

Thus we have the ancients of two or 
three thousand years ago dedicating 
trees to gods or individuals, a custom 
which has survived through the ages and 
which we follow in dedicating particular 
trees to persons or their memories on our 
arbor days or other special occasions. 
There is no doubt that in very early times 
cemeteries, temples and monasteries were 
the centers in or about which trees of 
various sorts were introduced, thus 
forming groves or primitive arboreta, 
though without such a considered pur¬ 
pose. Traveling priests and explorers 
brought home new trees and other plants 
from the lands they visited. Chinese 
records tell us that the Han Emperor 
Wu Ti, who lived 140-86 b.c., through 
one of his agents or missions sent to 
southern lands, was responsible for the 
introduction of walnut, pomegranate, 
grapes and other plants.* Some of these 
are now so naturalized or incorporated 
with the original Chinese flora that their 
true native home is a disputed matter. 
Some students of history now credit the 
Chinese with being the definite pioneers 
in the formation of botanic gardens made 
up of both herbs and trees, the latter per¬ 
sisting longer as remnants of what might 
have been called small arboreta. 

We have unsatisfactory records of a 
Royal Garden and a garden about the 
temple of Karnak, in Thebes, Egypt, in 

* E. Bretschneider, “Botanicon Binicum,” 
Part 1, pp. 24-26, 1881. 


the time of Thothxnes III, about 1500 
b.c., where palms and other plants were 
grown, but the variety was probably very 
limited and the place designed for 
pleasure rather than for more practical 
purposes. Very little is known of the 
gardens and botanical collections of the 
ancients for ten or twelve centuries after 
the dawn of the Christian era. From 
that time onward we know more defi¬ 
nitely about the botanists and botanical 
works and the gradual development of 
collections for practical use or scientific 
study. Herbs dominated in the gardens 
of “simples” or “physic gardens,” as 
they were commonly called, which, in the 
fourteenth and fifteenth centuries were 
often attached to monasteries or to 
schools of learning where medicine was 
studied, particularly such institutions in 
southern Europe. One of the oldest and 
most famous of the collections of “sim¬ 
ples” was the botanic garden at Padua, 
Italy, which was founded in 1545 and 
still exists on the same ground. Like 
most gardens of this era, the land area 
was small and precluded the admission 
of many trees. 

Other famous gardens in Italy which 
were founded about the same time, or 
soon after that at Padua, were gardens at 
Pisa and at Bologna. The garden at 
Zurich was founded in 1560; in France 
the most famous were the gardens at 
Montpellier, in 1598, and at Paris in 
1597, which is known to us now as the 
Jardin des Plantes. In this garden were 
grown many species of interesting intro¬ 
duced trees, though the collections of 
other gardens mentioned were mainly 
herbaceous. Important botanic gardens 
were established in Germany at Leipzig 
in 1579, Strasburg in 1620, Berlin in 
1679. Sweden had an established garden 
at Upsala in 1657, and in Holland the 
garden at Amsterdam dates its founda¬ 
tion from 1682. While none of these 
contained definite arboreta, classed as 
such, they did contain interesting exotic 
trees of economic value and gave impetus 
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to the formation of special and separate 
collections of woody plants. Among sim¬ 
ilar early gardens in Great Britain were 
the garden at Oxford, established in 
1621, Chelsea in 1673 and Edinburgh in 
1680. In Edinburgh there were rival 
gardens for many years, the remaining 
present one being under the University 
and Medical School. Various public and 
private arboreta were established in the 
following years and through the eigh¬ 
teenth century, both in continental Eu¬ 
rope and in Great Britain. Some of the 
public or semi-public establishments have 
ceased to exist and private collections 
have mostly been lost through lack of 
interest by generations which succeeded 
the founders. 

Many small private collections of trees 
and shrubs were established in Great 
Britain during the eighteenth and nine¬ 
teenth centuries and some of these are 
well worth while visiting to-day. In the 
south of England and Ireland there are 
growing in the open air hundreds of 
species of trees and shrubs which it is 
impossible to grow in northeastern North 
America. 

The Royal Botanic Garden at Kew, or 
Kew Gardens, as we familiarly call them, 
form the center from which has emanated 
much of the inspiration which pervades 
plant enthusiasts and arboriculturists in 
all civilized parts of our globe. The 
beginning of Kew Gardens may be dated 
as from 1759 or 1760. About that time 
Princess Augusta, Princess Dowager of 
Wales, being much interested in botany, 
had set apart about nine acres of the 
Royal Garden attached to Kew House for 
the purpose of forming a physic garden, 
and an arboretum to contain all the then 
known hardy trees and shrubs. This 
appears to be about the first definitely 
designated and important ‘ ‘ Arboretum. ’ ’ 
Ip 1772, George III inherited the Kew 
Rouse property and united the gardens 
of the palace with those lying adjacent 
and so made up the extensive territory 


now known as the Royal Botanic Gar¬ 
dens at Kew. 

Sir Joseph Banks was chosen to admin¬ 
ister the garden, which he did for 48 
years, during which time it prospered 
greatly and gained vast influence in the 
botanical and horticultural world 
through exploration and experimenta¬ 
tion. Following the death of Sir Joseph 
Banks in 1820, there followed a quarter 
of a century when Kew fell in efficiency, 
but after the appointment of Sir William 
Hooker to the directorship, in 1841, the 
institution soon resumed a commanding 
position in the botanical world, which it 
still holds. No botanical institution has 
been so indefatigable in exploring all 
parts of the globe for plants of economic 
or scientific interest and in distributing 
its acquisitions among botanic garden 
stations in the widely scattered British 
colonies and to botanical institutions 
wherever founded. The great herbarium 
is the most important in existence and 
with this are various museums for the 
illustration of phases of plant life. But 
the Botanic Gardens and Arboretum, 
covering 288 acres, are the special objects 
of interest to all students of living plants. 
Here, in a latitude which corresponds to 
that of southern Labrador or the north¬ 
ern tip of Newfoundland, may be found 
the largest collections to be found within 
temperate or subtropic zones. That such 
a collection is possible in the latitude of 
London is due to the modifying influence 
of the Gulf Stream which originates in 
the tropic coasts of America and the 
Mexican Gulf. Here about 20,000 species 
and varieties of trees, shrubs and herba¬ 
ceous plants may be found, labeled and 
with scientific arrangement whenever 
practicable. Notwithstanding its large 
area it is interesting to note that, except¬ 
ing wheeled chairs propelled by man 
power, no vehicles are allowed within the 
gates of Kew, a rule which adds much 
to an atmosphere of restfulness and the 
peace of those who resort to the place for 
observation and study. 
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The proximity to London, with its 
smoke and gases, which are not conducive 
to the best growth in plants, has recently 
caused the authorities to plan and plant 
a new arboretum, for conifers at least, 
much farther from the city and it is con¬ 
ceivable that the time may come that the 
best part of Kew will be found in new 
quarters. 

Among the tropical or subtropical 
arboreta established or aided by the 
British Government, through Kew, may 
be mentioned the gardens at Jamaica, at 
Trinidad, in Hongkong, in New Zealand, 
Australia, India, Ceylon and South 
Africa. In all these the tree collections 
are of importance and enable the student 
to obtain some acquaintance with trees 
and shrubs of the tropics and subtropics. 
The garden at Peradeniya, in Ceylon, is 
especially noteworthy. 

Throughout Great Britain there are 
many small private collections of trees or 
arboreta, the owners of which got their 
inspiration from Kew, although much 
was accomplished through private initia¬ 
tive much earlier than the foundation of 
the now most famous institution. Space 
does not allow of mention of any of these. 

In Germany the Botanic Garden in 
Berlin was founded as early as 1679, in 
the heart of the city, but with an area so 
small as to preclude any considerable col¬ 
lection of trees. But about 40 years ago 
the formation of a new Garden at 
Dahlem, to replace the old Garden in 
Berlin, was undertaken and was practi¬ 
cally completed in 1909, Without doubt 
this is the most important, next to Kew 
Gardens, of botanical institutions in 
temperate zones. The area is only about 
half that of Kew, but every detail has 
been elaborately worked out for the 
plantations, for research and for study. 
Landscape effects have been strictly 
subordinated for those of a practical 
nature, unlike Kew, where vistas and 
pleasure have been considered as well as 
development along scientific lines. The 
Arboretum at Dahlem comprises an area 


of about 50 acres, the trees and shrubs 
being planted singly to give each species 
a full chance to develop its characteris¬ 
tics or peculiarities. The number of 
hardy species which it is possible to grow 
at Dahlem is decidedly less than is pos¬ 
sible near London, due to the much colder 
winters in the region of Berlin. Some 
of the group collections are already the 
most complete in existence and the insti¬ 
tution is a Mecca for arboriculturists, 
horticulturists and working botanists. 
Almost every forest school in Germany 
has its little arboretum, private collec¬ 
tions are numerous, and even the most 
progressive commercial nurseries have 
instructive groups of trees and shrubs. 

The arboretum at Les Barres (Loiret) 
France, 75 or 80 miles south of Paris, 
begun in 1825 by the famous horticul¬ 
tural firm of Vilmorin, was bought by the 
French government in 1866 and is now 
known as the Arboretum National de 
Barres It stands as the best collection 
of trees in France. In the vicinity is the 
Fruticetum Vilmorinianum, forming the 
finest collection of shrubs in the nation. 
The Les Barres establishment is now used 
by the state as a school of silviculture. 

It is not here possible to more than 
mention the garden at Leningrad (St. 
Petersburg), founded in 1713, where 
Maximowicz, Regel and others did so 
much for the study and introduction of 
really hardy trees and shrubs, and of 
other botanic gardens widely distributed 
in distant parts of the Soviet Republics 
where small collections of trees may be 
found. 

While most of the arboreta of the past 
were naturally associated with or ad¬ 
juncts to botanical gardens, there were 
some cases where trees were given first 
attention. As already intimated, some 
of the collections have fallen into disor¬ 
der because of lack of endowment or the 
fact that later owners did not have the 
same interests as the founders, or some¬ 
times conditions of population or of cli¬ 
mate or environment may so change as 
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to make abandonment wise or necessary. 
Such untimely ends are always likely to 
occur, whether the enterprise is under 
private or public ownership. 

It may interest readers to know that 
in China at the present time several ar¬ 
boreta of considerable area are in process 
of development. Chinese students who 
have studied in the United States and in 
Europe are enthusiastic promoters of 
and workers for the enterprises which 
often receive generous, though inade¬ 
quate, help from public funds. 

While the Dutch in Holland have done 
much in tree study, it is the Botanic 
Garden at Buitenzorg, Java, founded in 
1817, which is world famous and without 
any doubt forms the most extensive and 
complete botanical establishment in the 
tropics. Covering an area of much more 
than a thousand acres, there has been 
assembled a bewildering collection of 
plants unequalled by any other institu¬ 
tion of its kind. Here may be found 
thousands of species of trees and shrubs 
from all parts of the tropics, so that no¬ 
where else may the student of botany get 
such a comprehensive view of the plants 
of hot climates. Through research the 
botanical achievements have been great, 
and the encouragement given to the cul¬ 
tivation of cinchona (quinine), cocoa, 
coffee, rubber, sugar, spices and other 
economic products has been of very great 
value not only in the Dutch East Indies 
but throughout the tropics where such 
crops are grown. 

Excepting those in the West Indies, 
which have been mentioned in connection 
with Kew and the British Government, 
no reference has been made to tropical 
gardens or arboreta in the New World. 
In the garden at Rio de Janeiro, in 
Brazil, founded in 1808, there is a good 
opportunity to study palms and other 
trees in a fine state of development, and 
the gardens of Santiago, in Chile, and at 
Buenos Aires, Argentina, have long been 
well known. 


In the Panama Canal Zone an attempt 
is being made to introduce a large assort¬ 
ment of useful and ornamental trees, and 
the result should be an interesting arbo¬ 
retum. 

While we know little of the ancient 
history of the peoples of America, it has 
been authoritatively stated that in Mex¬ 
ico, at the time of the Spanish Conquest, 
the Aztecs had gardens well worthy of 
the name. These gardens of the Aztecs 
were clearly of native origin and in no 
way connected with similar developments 
in the Old World. In the “Nova plan¬ 
tar urn ammalium et mineralium Mext- 
canorum historia ” of P. Hernandez, 
published in 1651, the oldest published 
natural history of the New World, we 
have illustrations and Aztec names of 
trees and shrubs and other plants, many 
of which probably became known, or bet¬ 
ter known, to Hernandez through these 
gardens. Montezuma was known as a 
patron of gardens. Among other refer¬ 
ences to Mexican gardens of that era the 
following description is interesting— 
1 ‘ Sandoval took up his quarters in the 
dwelling of the lord of the place 
(Chaleo), surrounded by gardens, which 
rivalled those of Iztapalapan in magnifi¬ 
cence, and surpassed them in extent. 
They are said to have been two leagues 
(about five miles) in circumference, hav¬ 
ing pleasure houses, and numerous tanks 
stocked with various kinds of fish; and 
they were embellished with trees, shrubs 
and plants, native and exotic, some 
selected for their beauty and fragrance, 
others for their medicinal properties. 
They were scientifically arranged; and 
the whole establishment displayed a de¬ 
gree of horticultural taste and knowl¬ 
edge, of which it would not have been 
easy to find a counterpart, at that day, 
in the more civilized communities of 
Europe. Such is the testimony not only 
of the rude Conquerors, but of men of 
science who visited these beautiful reposi¬ 
tories in the day of their glory.” 4 This 
* Prescott 'a ‘ i Conquest of Mexico , f 9 Vol. 8. 
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was in 1521, while the earliest botanic 
garden in Europe, at Padua, was not 
established until 1545. 

In North America there are now listed 
between forty and fifty collections under 
the name “arboretum” and at least a 
hundred other public and private or 
semi-private collections which, passing 
under the classification of “botanic gar¬ 
den,” include a fair representation of 
trees. A list of such institutions was 
given in the Arnold Arboretum Bulletin 
of Popular Information for September, 
1931. In that list Pennsylvania is cred¬ 
ited with a larger number than any other 
state, 21 being listed. What appear to be 
the oldest attempts to form tree collec¬ 
tions in North America, after settlement 
by Europeans, originated in that state. 
They were small in area but were valu¬ 
able and instructive for their time. In 
1728 John Bertram, a Quaker, known as 
a farmer, traveler and botanist, secured 
a piece of land on the banks of the 
Schuylkill River about three miles from 
Philadelphia and there established what 
became famous as Bertram’s Garden. 
There he brought together a number of 
American trees collected during his trav¬ 
els and also, through correspondents, 
introduced a number of species of trees 
from the Old World. He was instru¬ 
mental in first introducing numerous 
American trees into England. After his 
death in 1777 the garden was allowed, by 
various owners, to gradually decline un¬ 
til 1891, when it was bought by the city 
of Philadelphia and included in the park 
system. Pew of the trees planted by 
Bartram now exist. 

Humphry Marshall, already referred 
to as the author of the “Arbustum 
Americanum,” a relative of John Ber¬ 
tram’s, about 1773 planted a collection 
of trees near West Chester, Pennsylva¬ 
nia, only a few of which are now living. 
Other interesting collections have been 
planted in the region of eastern Pennsyl¬ 
vania either privately or in connection 
with tree nurseries of a commercial na¬ 


ture. Perhaps the most promising is the 
Morris Arboretum, originally privately 
established and now under the manage¬ 
ment of the botanical department of the 
University of Pennsylvania. 

About 95 years ago H. W. Sargent, 
upon an estate known as Wodenethe, 
near Fishkill-on-the-Hudson, New York, 
planted a large variety of native and 
foreign trees, with conifers prevailing, 
which became a widely known private 
arboretum and without doubt did much 
to promote the public interest in trees 
and in landscape art. 

It is impossible to enumerate in this 
article the many smaller arboreta started 
within the past half century and which 
have been of much help to students of 
trees. Some of these collections still ex¬ 
ist and are growing, others have per¬ 
formed their educational mission and 
have fallen into decay. 

Inhabitants of the far north find an 
instructive arboretum at the Central 
Experimental Farm at Ottawa, Canada, 
which has acted as the parent of subsid¬ 
iary small experimental collections at 
numerous stations from Nova Scotia to 
British Columbia. This central Cana¬ 
dian station may be classed as a National 
Arboretum. Such an institution has been 
advocated for many years for Washing¬ 
ton, in the District of Columbia, but, 
although a large tract of land has been 
acquired, money for construction work 
has not been appropriated. The site is 
good and such an establishment in the 
national capital should become an impor¬ 
tant educational feature. Like the Brit¬ 
ish Kew Gardens such an institution, 
with the cooperation of the Department 
of Agriculture and the National Her¬ 
barium, and other advantages, might 
well become a Mecca-like center to which 
government experiment stations, colleges 
and others forming arboreta might nat¬ 
urally turn for help. 

Existing arboreta scattered over the 
country wary in scope from that which 
specializes only in one family or genus 
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And their variations, as the so-called 
4 4 Hemlock Arboretum / 9 to those of such 
a broad scope as to include all kinds of 
ligneous plants which may be grown in 
the particular region and climate in 
which the establishment is located. 
Many of our colleges and agricultural 
experiment stations have now established 
arboreta as a part of their educational 
equipment, and parks and the U. S. 
Forest Service have developed and are 
developing collections of very decided use 
in furnishing instruction to the public or 
as testing grounds of the comparative 
adaptation and values of trees in forestry 
or park plantations. A good example of 
what parks may do may be cited in the 
case of the Rochester (N. Y.) City Parks, 
which contain one of the finest named 
collections of trees and shrubs to be 
found in our cold temperature zones. 
Golden Gate Park in San Francisco 
boasts a very fine and extensive collection 
of trees and shrubs adapted to the Pacific 
coast in California. 

Among arboreta connected with for¬ 
estry work or silviculture, we can here 
only refer to the Wind River Arboretum, 
Columbia National Forest, near Carson, 
in Skamania County, Washington, about 
eight miles north of the Columbia River 
and located at about 1,200 feet above sea- 
level. Here possibly useful species of 
trees, chiefly conifers, from all temperate 
parts of the globe are being tested espe¬ 
cially for silvicultural or reforestation 
purposes. The number of species grown 
is limited chiefly to those of known value 
or probability of adaptation, so that the 
student of dendrology and forestry may 
see the actual behavior of species under 
the prevailing conditions of the region 
in which they are grown. Although only 
started in 1912 upon a few acres, the 
experiment has proved of real interest 
and will be enlarged as more area is re¬ 
quired. It is here referred to as an illus¬ 
tration of what is now being attempted 
throughout the country. 

In recent years in the eastern United 


States there have been several large 
undertakings to build up extensive col¬ 
lections of trees and shrubs. Perhaps the 
most important and most promising is 
the Morton Arboretum at Lisle, Illinois, 
about twenty-five miles from Chicago. 
This was founded by the late Joy Morton 
in memory of his father, J. Sterling Mor¬ 
ton, one time U. S. Secretary of Agricul¬ 
ture. It was begun in 1921, and every 
effort is being made to create one of the 
most complete institutions of its kind in 
the country. 

A still more ambitious enterprise is 
that which is being planned for the 
vicinity of Cleveland, Ohio, and is tenta¬ 
tively known as the Holden Arboretum. 
These last two arboreta are in almost 
exactly the same latitude and both must 
come under the influence of the Great 
Lakes, so that experiments and tests car¬ 
ried on by two such museums of living 
plants should prove interesting and pro¬ 
vide valuable practical and scientific 
data. 

The arboreta which form part of the 
collections of the New York Botanical 
Garden and of the Brooklyn Botanic 
Garden, which has the advantage of 
proximity to Prospect Park, have cer¬ 
tainly been important as educational 
features of these establishments, although 
their existence goes back only two or 
three score years. 

Many of the foregoing institutions, 
besides others not here mentioned, un¬ 
questionably derived inspiration and 
much help from the Arnold Arboretum, 
of Harvard University, in Boston, which 
may well be considered as having in¬ 
spired much of the interest in dendrology 
and arboriculture in North America 
during the past fifty or sixty years. 

As much has been written about this 
institution and its work it is not neces¬ 
sary to recapitulate its past history here 
in detail. 8 The property of Harvard 

8 See 11 The First Fifty Years of the Arnold 
Arboretum,” by Professor 0. S. Sargent, in 
Journal of the Arnold Arboretum, Volume 8, 
January, 1922. 
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University, an agreement was made with 
the City of Boston to open it to the pub¬ 
lic provided that the city build and 
maintain roads and give police protec¬ 
tion, leaving to the college full control 
of all plantations and experimental work 
over the more than 250 acres of ground. 
Seed collecting and plantings in nurseries 
were begun in 1872, but various delays 
did not allow of any of the permanent, 
systematic plantings until the spring of 
1886. The Arboretum was fortunate in 
enjoying exceptional opportunities for 
the collection of seeds, both North 
American and from the Old World, and 
it soon became the medium of extensive 
exchanges of plant material with institu¬ 
tions and interested individuals at home 
and abroad. It has been instrumental in 
introducing into cultivation many hun¬ 
dreds of species of trees and shrubs hith¬ 
erto unknown in American gardens and 
its influence in that way certainly was 
important and far-reaching in enriching 
plantings in parks and gardens. 

Besides such activities the Arnold 
Arboretum through its educational 
propaganda by members of the staff and 
working force has, in the past,, exerted 
a powerful influence in arousing and 
holding a public interest in arboriculture, 
horticulture, landscape and park devel¬ 
opment, and in forestry. For ten years, 
between 1888 and 1897, the weekly Gar¬ 
den and Forest, edited by Professor C. 
S. Sargent, was probably the most influ¬ 
ential medium of the time in arousing an 
interest in plant life as related to our 
gardens and forests. But many other 
scientific publications have emanated 
from the institution and it has been a 
study and research station for a large 
number of American and foreign stu¬ 
dents in dendrology and forestry. 

With the establishment of so many new 
arboreta and botanical gardens through¬ 
out the country, the burden once carried 
by the Arnold Arboretum has become 
distributed and it may be that it accom¬ 


plished a greater public service in the 
past half century than it is likely to do 
in future, although it now enjoys a vastly 
increased income as compared with the 
meager $3,000 a year from the Arnold 
legacy when work was begun in 1872. A 
dream of those who have worked for the 
institution is a chain of stations in vari¬ 
ous parts of the country with differing 
climatic and ecological conditions, so 
that a better knowledge may be gained 
of trees and shrubs adapted to the vari¬ 
ous regions. Already such a station has 
been well established at Soledad, near 
Cienfuegos, Cuba, where the Atkins In¬ 
stitute of the Arnold Arboretum is in¬ 
tended to have a representation of useful 
and otherwise interesting trees and 
shrubs adapted to the tropics or subtrop¬ 
ics of Cuba. It is hoped to specialize in 
the bringing together of as many as pos¬ 
sible of the West Indian or Central 
American trees, many species of which 
are rare or fast disappearing. Cuba is 
particularly rich in species of palms, 
some of which are widely scattered and 
little known. This group is a difficult 
one to study and this may be best done 
by bringing living specimens together 
for comparison. Not all kinds of palms 
will thrive in the climate of Cuba, but 
already more than 225 species and varie¬ 
ties of palms have been brought into 
cultivation in the Soledad garden. This 
station is an illustration of what may yet 
be established in other parts of conti¬ 
nental America in connection with the 
Arnold Arboretum with its fine library 
and extensive herbarium in which special 
students may carry on research supple¬ 
mentary to their studies in living collec¬ 
tions. 

Under other private, college or govern¬ 
ment auspices such work is already being 
done in boreal and in warm temperate 
localities, on the Atlantic and Pacific 
slopes, on our plains and under such 
xerophytic conditions as prevail in 
Arizona!! - 
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A number of recent publications on 
the origins of alchemy, in particular 
those of Hopkins, 1 Barnes 2 and Parting¬ 
ton, 8 make it apparent that a reconsidera¬ 
tion of the whole matter is desirable and 
that a careful definition of the problem is 
necessary. 

The name of alchemist to most people 
probably suggests a medieval figure of a 
man surrounded in his laboratory by the 
apparatus of chemistry, furnaces, re¬ 
torts, crucibles, bottles, specimens of 
animal, vegetable and mineral oddities, 
an aged man perhaps, blackened by the 
soot of his labors and still fired with the 
enthusiasm of his fantastic quest for an 
elixir of long life or of immortality or for 
a philosopher's stone by which base 
metals might be converted into gold and 
silver. The picture is plainly the picture 
of a chemist who is devoting his chem¬ 
istry to very special purposes. A man 
might conceivably be a chemist, but, if 
he were not applying his art to the 
search for the elixir or for transmutation, 
he would be no alchemist. Another de¬ 
siring the same results, but without 
knowledge or practice in chemistry, 
might perhaps seek to attain them by 
fasting or by prayer, by systematic deep 
breathing or by magic ceremonials. He 
also would be no alchemist. The desiring 
of the objectives is not enough, nor is the 
effort to procure them unless it be by 
chemical means. We therefore conceive 
alchemy to be the search or the effort, 
whether successful or not, by chemical 
means to prepare a medicine of longevity 
or immortality, or by chemical means to 

* Arthur John Hopkins, “Alchemy, Child of 
Greek Philosophy,” Columbia University Press, 
1934. 

a William H. Barnes, Nature, 135: 824, 1935. 

a J. B. Partington, Nature, 136: 287-288,1935. 


prepare authentic noble metal from base 
metal or both—the pursuit of either or 
both of these objectives by chemical 
means. The beginnings of that search 
are the beginnings of alchemy. 

This conception of alchemy is in agree¬ 
ment with ancient usage. The Alexan¬ 
drians and Byzantines had but 

al-kimiya first appeared in Europe 
among the Arabs about the eighth cen¬ 
tury. The medieval Latins made clear 
distinction between chemia (or chimia) 
and alchemia (or alchxmta), the latter 
term at first meaning chemistry of Arabic 
origin but soon taking on precisely the 
meaning which we have assigned to it in 
the foregoing, being reserved for the 
special quests by which, as it happens, 
Arabic alchemy was characterized and 
distinguished from the chemistry of the 
Alexandrians and Byzantines. Writers 
of the time of Paracelsus discussed the 
solid contributions to chemistry which 
were made by the alchemists. The dis¬ 
tinction appears clearly in the writings 
of Boyle and of Boerhaave, but there 
were in their time, as there have been 
since, those who failed to distinguish 
sharply between alchemy and the ideas 
and practices which were often but not 
always necessarily associated with it. 

While all writers on the history of 
chemistry seem to be in agreement with 
our conception of alchemy, and many 
have indeed specifically defined it as we 
have, some of them have frequently pro¬ 
ceeded in their writings to use the name 
in other senses and have thereby in¬ 
creased the difficulties of discovering the 
origins of the art. Berthelot has called 
alchemy a pseudo-science, and has stated 
that its relation to the science of chem¬ 
istry, which he says grew out of it, is the 
same as that of astrology to astronomy. 
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Alchemy has been called primitive chem¬ 
istry, and any chemistry which is ancient 
enough or sufficiently crude has been 
called alchemy. Documents of practical 
chemistry, like the Leiden and Stock¬ 
holm papyri, and documents of cosmol¬ 
ogy, like the Emerald Table of Hermes 
Trismegistos, which contains no chem¬ 
istry whatever, have been described as 
documents of alchemy. The <r Introduc- 
tion,” which constitutes the first volume 
of Berthelot’s great “Collection des 
Anciens Alehimistes Grecs, ’ ’ 4 is identical 
with the material which constitutes the 
large part of his “Introduction & l’Etude 
de la Cliiraie des Anciens et du Moyen 
Age.” 6 Berthelot used the two names 
indifferently, and reached conclusions 
which do not apply strictly either to 
chemistry or to alchemy. 

The history of man divides itself natu¬ 
rally into epochs which correspond to 
man’s increasing ability to apply chem¬ 
istry to practical purposes. Stone Age 
man made use of the materials which 
nature provided and of objects which he 
was able to fashion from them by physi¬ 
cal means. His materials included stone, 
wood, clay, etc., meteoric iron and native 
gold, silver and copper. After he had 
mastered fire, he began to carry out 
chemical processes in the smelting of ores. 
The sequence of the chemical ages com¬ 
menced—the Bronze Age, the Iron Age, 
the Steel Age and the present Nitrogen 
Age. The old mythologies tell of metal¬ 
lurgists—Tubal Cain, Hephaistos-Vulcan 
and the dwarfs who lived under the earth 
and made the hammer for Thor. A dis¬ 
cussion of the beginnings of chemistry 
is a discussion of the beginnings of civili¬ 
zation wherever and whenever they 
occurred. 

Chemistry accomplished marvelous 
things. New and altogether surprising 
phenomena were discovered. It seemed 
no extravagant hope that chemical proc- 

* Paris, Steinheil, 1888. 

■> Paris, Steinheil, 1889. 268 pages out of 301 
pages of text. 


esses might lead to the elixir and to trans¬ 
mutation. Alchemy arose at a time when 
much chemistry was already known. It 
was not pre-chemistry. It arose in con¬ 
sequence of a pre-existing knowledge of 
chemistry. 

The same conclusion follows from our 
definition of alchemy as the search for 
the elixir and for transmutation by 
chemical means. Without the means, 
how could one conduct the search with 
them! 

If the ancient Egyptians considered 
gold to be an elixir of life, as supposed 
by Elliot Smith and by Moret,® or if they 
actually used it for that purpose, we are 
not therefore justified in concluding that 
they were engaged in the practice of 
alchemy. To fulfil our definition they 
must have been trying to make real gold 
artificially by chemical means, as the 
Chinese were trying probably as early as 
the third century b.c., in order that they 
might use it as a medicine of longevity or 
of immortality. The Latin workers who 
later attempted by chemical means to 
make gold potable, and hence of readier 
application as an elixir, were alchemists 
pursuing one of the two prime objectives 
of their art. They would equally have 
been alchemists if they had been trying 
to prepare an elixir by the chemieal 
treatment of limestone or of iron or of 
barley malt or of any substance what¬ 
ever. 

Primitive man, thinking about the 
world, early developed theories, at once 
scientific and religious, cosmological and 
epistemological, physical and metaphysi¬ 
cal, which supplied him with a general 
explanation of the order of things, a 
background upon which special theories 
for special purposes were later super- 
structed. The oldest such doctrine, 

* Elliot Smith, “The Ancient Egyptians,” 
London, 1928, pp. 205, 206; Moret, “ Le Bitael 
da Culte Divine,” Paris, 1902, cited by Wiede¬ 
mann, “Das alte Agyptea,” Heidelberg, 1920, 
p. 343; both cited by Partington, “Origins and 
Development of Applied Chemistry, ’ ’ London, 
1935, p. 23. 



THE ORIGINS OF ALCHEMY 


553 


almost universally prevalent, seems to 
have been that of the 4 ‘two contraries,” 
of the father god or positive principle, 
hot, active, fiery and light, and the 
mother goddess or negative principle, 
cold, passive and heavy, by the interac¬ 
tion or combination of which all things 
in the world were produced and ordered. 7 
In due course the general doctrine was 
applied to the explanation of chemical 
phenomena—by Zosimos and others. 
Chemical theories arose. The beginnings 
of these chemical theories are something 
that may be discovered and discussed, but 
they are not the beginnings of alchemy. 

The primitive doctrine of the “two 
contraries” prevailed in Egypt and in 
Mesopotamia at a very early time. When 
chemical and alchemical matters aroused 
interest and became subjects of thought 
and discussion, they were of course dis¬ 
cussed in the language of the prevailing 
idea-system. An account of the applica¬ 
tion of the fundamental doctrine of the 
two opposites 8 to the description of 
chemical phenomena constitutes a veri¬ 
table cross-section of the history of chem¬ 
istry, an account of the sulfur and 
mercury of Zosimos and Jabir, of the 
phlogiston of Stahl and Scheele and 
Priestley, down to the beginning of the 
nineteenth century. The Leiden and 
Stockholm papyri, recipe books of prac¬ 
tical chemistry of the third century, make 
no reference to the doctrine. Other 
treatises of about the same time are per¬ 
vaded by it, and from that time onward 
the association between chemistry and 
ideas based upon the doctrine of the 
“two contraries” is well-nigh invariable 
—an invariable but a one-way assoeia- 

* For a fuller discussion of the distinction be¬ 
tween the really chemical and alchemical doc¬ 
trines on the one hand and, on the other, the gen¬ 
eral cosmological and scientific background on 
Which they stand, see the article on 4 4 Primitive 
Science, the Background of Early Chemistry and 
Alchemy , 9 9 Jour, Chem. Education, 12; 3-10, 

ms. 

• Including, of course, its expansion into the 
two pairs of contraries of Aristotle and of the 
pre-Hosaio cosmologists. 


tion, for the ideas in question are always 
found where chemical matters are being 
discussed, but chemistry is not invariably 
present, as scholars have failed suffi¬ 
ciently to note, in all discussions which 
are based on the ancient doctrine. Docu¬ 
ments which contain no chemistry—the 
Emerald Table of Hermes Trismegistos 
is a notable example—have mistakenly 
been regarded as documents of chemistry 
and even of alchemy, because they are 
clearly pervaded by the doctrine upon 
which so many chemical discussions are 
based. 

The doctrine of the “two contraries” 
appears in discussions of a non-chemicai 
character, it appears in third century 
Alexandrian chemical texts and in Chi¬ 
nese alchemical treatises of the second 
century and later. The Alexandrians 
and the Chinese alike had the same gen¬ 
eral dualistic background of nature 
theory, idea-system or world concept. 
Indeed, the Chinese Yin-Yang was 
probably an importation from Egypt or 
Mesopotamia, although the matter is not 
important at the present point in our 
argument. The Alexandrians, interested 
in the chemical processes of smelting the 
metals, of alloying them and of altering 
their colors in various ways, described 
their experiments and speculations, natu¬ 
rally enough, by means of a vocabulary 
which arose out of the dualistic theory. 
The Chinese alchemists, interested, as we 
shall see, in the chemical preparation of 
an elixir and in actual transmutation, 
likewise spoke from the point of view 
which prevailed among them. It is natu¬ 
ral that the language of the Alexandrian 
chemists should resemble that of the 
Chinese alchemists, all the more so as it 
was the practice of the time to name the 
reagents obliquely and to maintain 
secrecy by describing the processes in 
parables or in fantastic language. We 
have elsewhere pointed out 8 the eimi- 

• In the introduction and notes which ac¬ 
company Lu-Ch'iang Wu f * translation of the 
,4 1Van T*ttttg Ch , i M of Wei Po-yang, Isis, 18; 
210-289, 1932. 
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larity between certain passages of the 
Chinese alchemist, Wei Po-yang, and 
passages of Zosimos and other Alex¬ 
andrians—from which we wished to con¬ 
clude merely that the Chinese and the 
Alexandrians both possessed a dualistic 
scientific background and that both had 
the mental habits of their times. From 
the evidence alone of this similarity, we 
are not willing to conclude, as Parting¬ 
ton 10 wishes to do, that the Chinese and 
Alexandrian treatises and traditions are 
necessarily related at all closely or that 
one is derived from the other. Nor does 
the similarity of language prove a simi¬ 
larity of aim. The aim of the author 
is to be discovered in his statements. 
Because Wei Po-yang was writing of 
alchemy, it does not follow at all that 
Zosimos and the Alexandrians who used 
a similar language were also writing of 
it. If they were, it ought to be possible 
to find them saying so. 

Quite another matter it is when we find 
that the “Speculum Alchemiae ,, of 
Roger Bacon describes a process for the 
preparation of the philosopher’s stone 
identical with that which Wei Po-yang 
more than twelve hundred years earlier 
described for the preparation of the pill 
of immortality. 11 This is real evidence 
of the probable origin of European 
alchemy. 

The ancient Egyptians had so many 
things that it would be extraordinary if 
they did not have alchemy. Partington 1 * 
states that “Napier says the idea pre- 

10 Partington, Nature , 136: 288, 1936, says: 

11 Many points of contact between these and 
other statements in the Chinese treatise and in 
the Alexandrian treatise can be found, so that 
the general conclusion of Dr. Wu and Professor 
Davis, who do not favor much relation, is 
scarcely borne out by detailed examination: they 
cite, in fact, several parallels with Zosimos in 
the notes and could have cited a good number 
more. These notes suggest parallels with later 
works on European alchemy . . .“ 

Ulsu, 18: 243, 277, 1932, 

12 Partington, “Origins and Development ,* 9 
etc., p. 27, citing Napier, “Manufacturing Arts 
in Ancient Times , 9 9 Paisley, 1879, p. 4. 


vailed in ancient Egypt that gold was the 
only true metal, other metals being dif¬ 
ferent varieties of and convertible into 
gold, an idea which persisted as alchemy, 
but gives no authority for this statement; 
the idea is almost the same as that of the 
Arabian alchemist Abu’l-Qasim al-Ir&qi 
in the thirteenth century a.d. ” We must 
scrutinize the language carefully. If the 
Egyptians believed that other metals are 
artificially convertible into gold, then 
they believed in the truth of alchemy. 
Perhaps they believed, as the medieval 
alchemists did, that base metals in the 
earth are constantly undergoing a natu¬ 
ral and spontaneous change or growth by 
which they are slowly converted into 
gold. The same idea appears in the writ¬ 
ings of “Liu An” or “Huai-nan-tzfi” 
(died 122 b.c.), the first Chinese who is 
supposed to have written on alchemy, 
by tradition a master of the art. John¬ 
son, 18 says that he taught that “gold 
grows in the earth by a slow process, and 
is evolved from the immaterial principle 
underlying the universe, passing from 
one form to another up to silver and then 
from silver to gold . 19 The belief that the 
conversion can be accomplished artifi¬ 
cially is belief in the truth of alchemy, 
and the effort to bring it about by chemi¬ 
cal means is the practice of alchemy. 
But there is at present no evidence that 
the ancient Egyptians were practicing 
the art. Indeed, the Alexandrians who 
had access to much of the culture of an¬ 
cient Egypt do not seem to have prac¬ 
ticed it. 

In his recent book on “Alchemy, Child 
of Greek Philosophy,” Professor Arthur 
John Hopkins defends two principal 
theses, first, that the Alexandrian chem¬ 
ists, or alchemists as he calls them, were 
interested in imitating the precious metals 
by alloying or by staining or tincturing 
base metals to the appearance of the 
noble ones, that they were interested in 
the color more than in the substance of 

i* Johnson, “A Study of Chinese Alchemy, 91 
Shanghai, 1928, p. 75 /a. 
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the metals, and second that the theoreti¬ 
cal basis of Alexandrian and of later 
European alchemy was derived from 
Greek philosophy, that alchemical the¬ 
ory arose out of the impact of the practi¬ 
cal chemical arts of the Egyptians upon 
the speculative philosophy of the Greeks. 
The two points are not dependent upon 
each other. The first is one which Pro¬ 
fessor Hopkins has set forth clearly and 
convincingly in a number of earlier 
articles. 14 It appears to be fully estab¬ 
lished—and we shall devote no more 
space to it in the present paper, except 
to mention that the Alexandrian chem¬ 
ists, practicing the imitative arts of the 
earlier Egyptians, were well aware that 
their products were not the genuine ma¬ 
terials. They no more thought their yel¬ 
low alloys and tinctured metals to be 
real gold than we think German silver 
to be real silver or artificial silk to be 
identical with the product of the silk¬ 
worm. If Hopkins’s view is correct, then 
the Alexandrians were not practicing 
alchemy. There still remains open the 
question of the origins of that indubita¬ 
ble alchemy which the Arabs possessed 
and transmitted to the medieval Latins. 

With the second of Professor Hop¬ 
kins’s contentions we are unable to 
agree. Since the Alexandrians had no 
alchemy, it seems improper to suppose 
that they had alchemical theory. They 
had chemical theories for their practical 
chemistry. They believed in the unity 
of matter, but it can not be maintained 
that that notion was original with the 
Greeks. They adhered to the idea-system 
of their time. For the interpretation of 
chemical phenomena they had theories 
which were based upon the ancient doc¬ 
trine of the * 4 two contraries . 9 9 And that 
doctrine is much older than Greek phi¬ 
losophy. Having arisen in the darkness 

Hopkins, SOTEKTiric Monthly, 6: 530-537, 
1018 ; Cairo Scientific Journal , 11; 159-169, 
1928; Me, 7; 58-76, 1925; "Studien sur 
Gesehichte der Chemie, Festgabe fur Edmund 
0. von Lippmann," Berlin, 1927, pp. 9-14. 


before known history, it gave rise to a 
persistent and uninterrupted stream of 
thought which flowed around, through 
and past the glory of Greek philosophy 
and dominated chemical thought—per¬ 
haps to the present—certainly to times 
as recent as those of Lavoisier and the 
Chemical Revolution. 15 

The medieval alchemists derived their 
alchemy from the Muslims, and our ques¬ 
tion becomes—Whence did the Muslims 
derive their alchemy? Evidently not 
from the Alexandrians. But they did 
derive from the Alexandrians the chemi¬ 
cal art of changing the color of the 
metals, and apparently combined that 
art and its accompanying theory with 
the alchemical tradition, of the elixir and 
of real transmutation, which they de¬ 
rived from some other source. Both tra¬ 
ditions are found in the Arab treatises 
and in the Latin writings which are 
based upon them, often confused but fre¬ 
quently in such fashion that they may 
be distinguished. In the tract “de Al- 
chemia,” which is ascribed to Albertus 
Magnus, the author says concerning 
alchemy that “ through this art metals 
which are corrupt and imperfect in the 
mines are brought to perfection.” 16 He 
says: ”1 began more diligently to keep 
vigil with the decoctions, sublimations, 
solutions, distillations, cerations, calcina¬ 
tions, and coagulations of Alchemy, and 
with many other labors, until at length 
I found the transmutation to be possible 
into sun (gold) and moon (silver) which 
are much better than any natural mate¬ 
rial in every test and hammering.” 17 

is Nierenstem, reviewing Hopkins's book in 
the Journal of the American Chemical Society , 
58; 539, 1936, says; "There is no doubt what¬ 
ever that the idea of transforming one form of 
matter into another is the logical consequence of 
Aristotle's philosophy of matter" (with which 
we agree fully), but adds—"and that the whole 
idea of ancient chemistry is imbued by the 
philosophy of Aristotle" (which is not the case 
by any means). 

ae"Theatrum Chemicum," Yol. II, p. 488, 
Ursellis, 1602. 

i* Ibid,, p. 486. 



556 


THE SCIENTIFIC MONTHLY 


Although one may question whether the 
material which is better than gold in 
every test and hammering is really the 
same as actual gold, the passage never¬ 
theless appears to assert the truth of 
alchemy. Another passage in the same 
work clearly represents the Alexandrian 
tradition. *‘All metals are transubstan¬ 
tiated into sun and moon which are equal 
in all respects to the natural* materials 
in all operations, except that the iron of 
Alchemy is not attracted by the magnet 
and the gold of Alchemy does not glad¬ 
den the heart of man, nor cure leprosy, 
and a wound festers which is made by 
means of it, a result which does not occur 
from natural gold. In all other opera¬ 
tions, such as hammering and the test, it 
is like the natural material, and its color 
lasts forever.” 1 * The material which 
makes the festering wound is evidently 
brass or a similar alloy of base metals. 

Arabic alchemy, and that of the later 
Europeans, contains other elements 
which were not derived from Alexandria. 
Professor R. Winderlich, 18 discussing the 
researches of Julius Ruska on the al¬ 
chemy of al-Razi, says: “Alchemy as pre¬ 
sented by al-Razi must have been pre¬ 
ceded by a development that did not 
occur on Greek soil, for he uses sub¬ 
stances, such as sal ammoniac, that were 
entirely unknown to the Greeks, and 
which for the most part bear Persian 
names. The logically thought-out the¬ 
ory of alchemy, firmly rooted in experi¬ 
ment, must have grown up in Persian 
soil.” His evidence may indicate that 
alchemy came to the Arabs from Persia, 
but it certainly does not indicate that it 
originated in Persia. Perhaps it came 
to Persia from China. 

The earliest alchemy with which 'we 
are acquainted is that which appeared in 
China in the third or fourth century b.o. 
It seems to have been of indigenous 
Chinese growth. The mystical philoso- 

» Ibid., p. 495. 

Jour . Chem. Education, *oon to be published. 


phy of Taoism gave practical men a 
strong motive for wishing to prepare the 
pill of immortality. The dualistic Yin- 
Yang doctrine, which Liang 10 has shown 
did not prevail in the earliest Chinese 
thought but appeared full-grown at 
about the time that alchemy arose, evi¬ 
dently supplied a scientific background 
upon which alchemical theory and prac¬ 
tice could flourish. The similarity of the 
Chinese doctrine to the doctrine of the 
“two contraries” which had existed at 
an earlier date in Egypt and in Meso¬ 
potamia suggests that the Chinese doc¬ 
trine was an importation from one of 
these places.* 1 It of course does not fol¬ 
low that alchemy was also an importation 
into China. While the doctrine of the 
“two contraries” led in the minds of the 
Alexandrians and later Europeans to a 
dualistic theory for the explanation of 
chemical phenomena, the same doctrine 
in the minds of the Chinese, who were 
not interested in chemical theory but 
were pursuing the practical end of pre¬ 
paring the pill of immortality, led to a 
theory of alchemy. Perfection of all 
kinds was to be procured by a proper 
balance of Yin and Yang. Wei Po- 
yang’s process for the preparation of 
the pill of immortality, by the interaction 
of Yin and Yang in a closed container 
around which the fire, gentle at first and 
increased as the treatment advanced, was 
made to reverberate, is the same as that 
of the author of the “Speculum al- 
chemiae,” ascribed to Roger Bacon, for 
the preparation of the philosopher’s 

20 Ch’i-Ch ’so Liang, “On the Origin and Evo¬ 
lution of the Doctrine* of Yin-Tang and Wo 
hiing” (in Chinese), Saltern MiiceUany, Shang¬ 
hai, Vol. 20, No. 10, pp. 70-79, 1923. Discussed 
in SciENTino Monthly, 81 ; 225 ff., 1930, and in 
Isu, 18: 216 ff., 1932. 

21 For a fuller discussion of the extra-Chinese 
origin of Yin-Yang and of the distinction be¬ 
tween chemical and alchemical theory, see the 
article on “The Dualiitie Cosmogony of Httai- 
nan-teU and its Eolations to the Background of 
Chinese and of European Alchemy,” IM», soon to 
be published. 
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Atone from the sulfur and mercury prin¬ 
ciples.** There is no doubt of the general 
similarity between the methods and doc¬ 
trines of the Chinese alchemists and those 
of the Muslims and later Europeans. 

Since the Alexandrians had no al¬ 
chemy, it is impossible that alchemy 
could have been imported into China 
from Egypt and unlikely that it was im¬ 
ported from Mesopotamia, where the 
dominant idea system was closely akin to 
that of Egypt and where, also, there is no 
evidence that alchemy was practiced. 
The possibility, however unlikely, is not 
excluded that alchemy may have been 
imported into China from India. At the 
same time the possibility remains open 
that Egyptian chemical knowledge and 
practices were imported into China, 
where the evident marvel of them led 
the Taoists to hope that they might sup¬ 
ply means for the attainment of immor¬ 
tality. The similarity of the apparatus 
and reagents of the Alexandrian chemists 
and of the Chinese alchemists, the com¬ 
mon interest in cinnabar and in mercury, 
are considerations which give plausibility 
to the speculation. Perhaps a knowledge 
of chemical behavior and of the equip¬ 
ment by which the behavior may be ex¬ 
hibited, controlled and applied came to 
China along with Yin-Yang from Egypt 
or Mesopotamia. But we must insist 
that the speculation applies to chemical 
knowledge and practice, not to chemical 
or alchemical theory. For the Chinese 
were not interested in chemical theory 
nor the Alexandrians in a theory of 
alchemy—and the dualistic chemical the¬ 
ory of the Alexandrians is later, perhaps 
several centuries later, than the dualistic 
alchemical theory of the Chinese. The 
similarities must be matched against the 
differences. The differences are evi¬ 
dences of a difference of origin for those 
portions of their respective doctrines and 
practices which differ from one another 
—and they appear to be precisely that 

** Discussed in the place last cited. 


the Chinese were punning the objectives 
of alchemy. 

The Chinese alchemists were attempt¬ 
ing to make real gold artificially, not 
because of its intrinsic value but because 
of its magical efficacy. They wished to 
procure longevity by eating food out of 
vessels which were made from it. They 
wished to compound from it edible pills 
of immortality by the eating of which 
they would be converted into Hsien or 
benevolent immortals. Such characteris¬ 
tically alchemical objectives were not 
pursued by the Alexandrians, who 
wanted the yellow imitation of gold be¬ 
cause of its commercial value. The 
Chinese, wanting real gold for the com¬ 
pounding of the medicine, did not care 
whether the metal was of natural origin 
or resulted from the processes of al¬ 
chemy: the two were identical. The 
notion that the noble metal itself was the 
material of the elixir seems to have sur¬ 
vived in the motive which impelled the 
Arabs and medieval Latins to prepare an 
elixir of potable gold, but the later al¬ 
chemists hoped only to procure longevity 
from it. Mohammedanism and Chris¬ 
tianity promised them an immortality 
anyway. The notion of Hsien does not 
appear in European alchemy at all. But 
the extraordinary powers of the jinni of 
the Arabian Nights are so like those of 
the Hsien that we wonder whether the 
Arabic word jinn may not be derived 
from the Chinese Hsien. 

Some of the dominant characteristics 
of Chinese alchemy are made clear by 
the following remarkable passages from 
Ko Hung’s chapter on the Yellow and 
the White (trans. Wu), written about 
317-332 a.d. 

It is another story with the CM% Jen (Men 
of Truth, Men Proficient in the Art, Sages). 
For they make gold with the purpose, not of 
getting rich, but of becoming Bsien by eating 
it. Therefore it is written in the Book, ‘ ‘ Gold 
can be made wherewith people can be raised 
above this worldly life.” Silver may be eaten 
for similar ends but is not as effective as gold. 
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Then I asked further, “Why should we not 
eat the gold and silver which are already in 
existence instead of taking the trouble to make 
them? What are made will not be real gold 
and silver but just make-believes.' * 

Said Chdng Chiin in reply, “The gold and 
silver which are found in the world are suitable 
for the purpose. But Taoshih (Seekers of the 
Way) are all poor; witness the adage that JJsien 
are never stout and Tao-shih never rich. Tao - 
shih usually go in groups of five or ten, counting 
the teacher and his disciples. Poor tffe they are, 
how can they be expected to get the necessar\ 
gold and silver! Furthermore, they can not 
cover the great distances to gather the gold and 
silver which occur in nature. The only thing left 
for them to do is to make the metals thomselves. 

“In that they arc the essences of the medi¬ 
cines, the gold and sil\er made are superior to 
those found in nature. . . . 

“The gold obtained by successful compound¬ 
ing is uniform inside and out. It may be put 
through a hundred workings without suffering 
any change. Therefore it is written in the 
formulas for its making that it may be made 
into nails. That shows its strength. Such re¬ 
sults come of responsive infusion of the Tao 
(Way) of nature. Why should such deeds be 
called make-believes! 

i ( Make-believes should be like the besmearing 
of iron with Ts&ng Ch’xng (a blue compound of 
copper!) whereby the metal takes on a reddish 
sheen simulating copper, and the action of egg- 
white on silver to obtain a yellow coloring re¬ 
sembling gold. In all these cases there are 
merely external changes but no internal trans¬ 
mutations. 

“The fungus Chih (Plant of Longevity) is a 
natural growth. But according to the Haten 
Ching (Book of Immortals) it may be cultivated 
by means of the five stones and the five plants. 
The resulting plant will be exactly like that 
found in nature in the power of giving long life 
when eaten. The case is similar to the making 
of gold." 23 

23 “An Ancient Chinese Alchemical Classic, 
Ko Hung on the Gold Medicine and on the 


The Chinese alchemist was well aware 
that there are chemical means by which 
the appearance of the metals may be 
changed, but insisted that the changes 
are merely superficial and are different 
from the real transmutations which he 
wanted and believed to be possible. We 
are not acquainted with anything like 
this in the writings of the Alexandrians 
and Byzantines. 

Chinese alchemy and Alexandrian 
chemistry are alike in being erected upon 
a nature theory of the “two contraries , 99 
and alike very largely in the materials 
and apparatus with which they worked. 
They are utterly different in their objec¬ 
tives. It is probable that the dualistic 
philosophy came to China from Egypt or 
Mesopotamia, and it is possible that a 
considerable amount of chemical knowl¬ 
edge came with it. Alchemy evidently 
originated in China among the Taoists, 
who hoped by means of it to gain an 
immortality which their religion did not 
promise them. The evidence indicates 
that it came to Europe from China, pre¬ 
sumably across Persia to the Arabs 
among whom the Chinese alchemical tra¬ 
dition mingled with the Alexandrian 
chemical one to form a body of doctrine 
which was transmitted to the Latins. In 
Latin alchemy, moreover, evidences of 
the two traditions are distinctly dis¬ 
cernible. 

Yellow and the White, the Fourth and Sixteenth 
Chapters of Pao-p'u-tzu translated from the 
Chinese by Lu-Ch'iang Wu with an Introduc¬ 
tion, etc., by Tenney L. Davis/' Proc. Amer. 
Acad. Arts and Sciences , 70: 221-284, 1985. 
Quoted passage, pp. 200-261. 
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In 1923 Professor Edward M. East, 
discussing the world’s food supply, sug¬ 
gested that the River Plate area would 
be “the last great temperate expanse 
of arable land to become sufficiently 
populous to forbid food exportation 
without a return in kind. ’ 91 He believed 
that population increase in Argentina 
had not yet reached the point of max¬ 
imum acceleration, assuming a continu¬ 
ance of free immigration, stable govern¬ 
ment and dominance of the Catholic 
faith. To-day Argentina is agitated over 
a declining birth rate, that has fallen 
with disturbing rapidity and regularity 
since 1923. Par from accepting this 
tendency as a factor that will lengthen 
its period as a supplier of food to inter¬ 
national markets, many influential Ar¬ 
gentine authorities are urging the adop¬ 
tion of a policy of stimulating immigra¬ 
tion and redirecting the flow of migra¬ 
tory people to its ports so as to hasten 
the day when the home market will 
challenge the country’s capacity to pro¬ 
duce foodstuffs. This view is in such 
sharp contrast with informed opinion 
of the immediate pre-war period that it 
is interesting to note the underlying 
factors. 

For some time previous to the out¬ 
break of the world war Argentine econo¬ 
mists had been viewing the heavy volume 
of immigration with considerable con¬ 
cern, The belief was gaining ground 
that the traditional policy of unre¬ 
stricted non-selective entry had outlived 
its usefulness. During the period 1905- 
1913 immigration averaged 163,447 per- 

i E. M. East, u Mankind at the Crossroads , n 
p, 86. New York, 1923. 
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sons per year, compared with 47,788 in 
1892-1904 and 51,864 in 1870-1891. Of 
even more significance than the volume 
was the fact that about 70 per cent, of 
the immigrants were male, over 65 per 
cent, unmarried, and over 50 per cent, 
between the ages of 21 and 40; children 
under 13 made up only 14 per cent, of 
the newcomers and persons over 60 less 
than 1 per cent. The large proportion 
of young able-bodied immigrants coupled 
with abundant economic opportunities 
to produce a very high birth rate. In 
the period 1910-1914 the annual birth 
rate was 37.86 per thousand; the natural 
increase of 20.78 during this time had 
few parallels among important nations. 
Foerster has demonstrated that the Ital¬ 
ians who formed the largest single ele¬ 
ment in the new population w r ere more 
prolific in Argentina than in Italy, and 
it is probable that the birth rate among 
foreign-born generally was higher than 
that of native Argentines. 

Although the process of assimilation 
was facilitated by the preponderance of 
Latins, nevertheless it became increas¬ 
ingly difficult to absorb the immigrants 
economi cally; industrial ad j ustments 
were slow and in the meantime a prob¬ 
lem in unemployment threatened. There 
was fear, too, lest national racial char¬ 
acteristics be submerged by the flood 
of foreigners. By June, 1914, the popu¬ 
lation included 5,100,000 native-born 
persons of European descent, 400,000 
native-born with traces of Indian or 
Negro blood, and 2,300,000 foreign-born 
almost wholly European. Since the na¬ 
tive population included women and 
children, while the foreign element was 
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composed mainly of adults, the signifi¬ 
cance of these proportions is readily 
apparent. 

It is not surprising, thus, that a move¬ 
ment to make immigration more selec¬ 
tive arose. However, the war intervened 
to reverse the currents of migration. 
There was a net outflow of 214,175 per¬ 
sons in the six years 1914-1919. There¬ 
after Argentina regained its powers of 
attraction, and the flow of immigrants 
slowly advanced towards pre-war pro¬ 
portions. Prom 1920 to 1930 the net 
immigration was about 80,000 persons 
annually. But important changes oc¬ 
curred in the character of the inflow. 
The proportion of non-Latins increased 
from less than 15 per cent, to over one 
fourth of the total, and there was a 
slightly larger married group (30 per 
cent, in 1901-1910 and 40 per cent, in 
1920-30). 

The depression brought a number of 
new influences to bear on the Argentine 
economy. The prevailing spirit of na¬ 
tionalism and the general effort to attain 
self-sufficiency abroad cut down the mar¬ 
kets for Argentine foodstuffs and re¬ 
duced its purchasing power; the stream 
of immigration was once more shut off 
and in the four years 1931-1934 there 
was a net outflow of about 20,000 per¬ 
sons. This movement was especially im¬ 
portant, because the emigrants were for 
the most part men of races easily assimi¬ 
lated, having trades or professions and 
of productive ages, while the recent im¬ 
migrants are increasingly of less adapt¬ 
able nationalities, such as Poles, Lithu¬ 
anians, etc. Its markets reduced, Ar¬ 
gentina too adopted the nationalistic 
philosophy. Great advances were made 
in the diversification of industry by the 
large-scale development of hitherto neg¬ 
lected crops, such as cotton and fruit, 
and by the growth of manufacturing. 
Economists began to make studies of the 
population needed to absorb the current 
industrial output and sought to learn 


what growth might be expected from 
the natural increase in population. 

Little comfort was derived from the 
birth rate, however. It has fallen every 
year since 1923; the rate in 1934 was 
25.0 per thousand, compared with 33.97 
in 1923. The accompanying decline in 
the death rate from 14.79 to 11.50 was 
not sufficient to prevent a reduction in 
the natural rate of increase from 19.18 
to 13.50. Since the tendency is for the 
urban population to gain at the expense 
of the rural (the percentage of popula¬ 
tion living in towns and cities of 2,000 
population or over being 37.4 per cent, 
in 1895, 53 per cent, in 1914 and esti¬ 
mated at 60 per cent, in 1934), it is 
equally disturbing to find that the birth 
rate has declined even faster and to a 
lower level in the federal capital, which 
contains about one fifth of the total 
population. The birth rate in the fed¬ 
eral capital fell from 34.09 in 1914 to 
24.94 in 1924 and 18.12 in 1934. While 
the annual rate of increase of Argentine 
population was 3 per cent, in the period 
1921-1925 it was only 1.4 per cent, in 
1934. 

Several factors have contributed to 
the decline in the birth rate. The de¬ 
creasing influence of immigration is 
one. The absence of influential relig¬ 
ious command is another, since the 
church is less powerful here than in 
certain other Catholic countries of Latin 


TABLE i 

Growth of th* Arobntin® Population 
(Rate® per thousand inhabit an ts) 


Year 

Birth rate 

Death rate 

Natural increase 

1915-19 

33,94 

17.12 

16.82 

1020 

32.27 

15.47 

16.80 

mi 

32.75 

15.78 

16.97 

1023 

33.10 

14.03 

10.07 

1923 

33.07 

14.79 

19.18 

1924 

32.76 

14.32 

18.44 

1925 

31.76 

14.11 

17.63 

1926 

31.24 

13.63 

17.61 

1927 

30 78 

1441 

10.07 

1928 

30 76 

13.21 

17.56 

1929 

30.24 

13.83 

10.41 

1030 

29 48 

12.67 

16.81 

1931 

28.50 

13.38 

15.12 

1932 

27.93 

11.94 

13.09 

1033 

25.90 

11.61 

14.29 

1934 

4 25.00 

11j50 

13.30 
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America. Military pressure such as 
puts a premium on the breeding of 
large families in some European coun¬ 
tries is absent, too. In evaluating the 
economic factor it should be remem¬ 
bered that the unemployment problem 
in Argentina was relatively unimpor¬ 
tant during the depression. Alejandro 
E. Bunge, the famous Argentine statis¬ 
tician and economist, accounts for this 
by three reasons. First, the fact that 
Argentina was under-built and badly in 
need of construction. Secondly, the 
diversification of industry; in 1933 the 
percentage of employed population in 
commerce, industry and agriculture¬ 
grazing was 12.1 per cent., 43 per cent, 
and 22.6 per cent., respectively, com¬ 
pared with 10.8 per cent., 38.5 per cent, 
and 27.2 per cent, in 1914; and this 


TABLE II 

Ratm of Annual Increase in Population 


Year 

Rate 


1015-10 

1.37 

per 

cent. 

1020 

2.19 

i* 

41 

1021 

2.50 

14 

44 

1922 

3.11 

41 

44 

1023 

3.71 

44 

44 

1924 

3.09 

44 

“ 

1925 

2.59 

44 

44 

1920 

2.70 

44 

44 

1927 

2.77 

44 

41 

1928 

2.59 

44 

44 

1929 

2.50 

44 

44 

1930 

2.37 

44 

44 

1931 

179 

44 

44 

1932 

1.00 

44 

44 

1933 

1.49 

44 

44 

1934 

1.40 

44 

44 


tendency continued in 1934 and 1935. 
Thirdly, the volume of exports of food¬ 
stuffs and raw materials was well main¬ 
tained; export tonnage in the five years 
1925-1929 totaled 75,041,000 tons, com¬ 
pared with 74,359,000 tons in 1930-1934. 

It is elear that those who hope to re¬ 
duce Argentina’s dependence on foreign 
markets must be prepared to wait a long 
time if they count only on the vegeta¬ 


tive population increase to expand the 
home market. The government is there¬ 
fore being urged from many quarters 
to encourage immigration as one point 
in a general plan to organize a sounder 
national economy. Economic capacity 
to absorb a million immigrants, the 
argument runs, could be created by pro¬ 
viding opportunities to purchase land, 
by organized colonization and by a 
break-up of the large estates; past 
efforts to effect such a reorganization 
of land ownership have amply demon¬ 
strated the difficulties. The further di¬ 
versification of industry is also being 
sought. In addition, it is argued that 
the racial capacity to absorb such a 
large foreign element has changed vastly 
since 1914. Dr. Bunge estimates that 
in June, 1935, the composition of the 
population was as follows: native-born 
of European descent, 9,480,000; native- 
born with traces of Indian or Negro 
blood, 300,000; foreign-born, 2,500,000. 
In other words, while in 1914 the native 
population was little more than double 
the foreign, it is to-day about four times 
as numerous. 

The rate of natural increase of the 
Argentine population still exceeds that 
of other leading nations on the conti¬ 
nent, of nations formerly supplying 
man-power to the River Plate and of 
the great grain-export competitors. For 
instance, the rates in 1931-32 compared 
as follows: Argentina 16, Chile 11.4, 
Italy 9.4, Canada 12.5, Australia 8.3. 
But there is no denying that unless 
public opinion forces the government to 
take the strenuous measures that will be 
necessary for attracting immigrants on 
a large scale, the declining birth rate has 
definitely extended the period during 
which Argentina may be relied upon to 
furnish food for over-populated areas. 




CONSERVATION AMONG PRIMITIVE HUNTING 

PEOPLES 

By WILLIAM CHRISTIE MACLEOD 

NEW YORK, N. Y. 


The hunting and gathering of primi¬ 
tive non-agricultural peoples was not a 
hit-or-miss random search for plant and 
animal food and industrial materials. 

Dependent upon naturally limited 
resources in a limited territory for them¬ 
selves and their descendants, they took 
stock of their limited resources. They 
knew in detail just what the supply of 
each thing was—wild grasses, berries, 
roots, animals, trees—and knew where 
each was to be found when wanted and 
in approximately what quantity. Thus, 
for the Australian aborigines of North 
Queensland Roth wrote: 

Independently of the greater or less extent of 
country over which the community as a whole 
has the right to hunt or roam . . . there are 
definite territorial divisions, certain tracts of 
country for each family, each such tract bear* 
ing a distinctive name. In the same way that a 
European knows what vegetables, shrubs, or 
flowers are growing in his garden, so do the 
natives have a fair idea of the amount of any 
special growth of edible fruits, seeds, or roots, as 
well as the particular haunts of the various 
animals and birds found in their particular 
piece of grounds 

And of the northeastern Algonkian 
Indians and their family hunting terri¬ 
tories Speck writes. 

Economically these territories were regulated 
in a very wise and interesting manner. The 
game was kept account of very closely, so that 
the proprietors knew about how abundant each 
kind of animal was, and hence could regulate 
the killing so as not to deplete the stock.”* 

A hunter can 4 * tell at any time the 
number of animals which he can dispose 
of each year in the district without 
endangering the supply. 8 

1 W, E. Roth, North Queensland Ethnography 
Bulletins, No. 8, p 8, Brisbane, 1900. 

2 F, G. Speck, Memoir 70, Canadian Geological 
Survey, p. 5, Ottawa, 1915. 

* F. G. Speck, Old Penn Weekly, p. 185, Uni¬ 
versity of Pennsylvania, 1914-15. 


The pressure of population upon re¬ 
sources made for intensive exploitation of 
the limited stock of resources. Of the 
Hopi, for example, we are told that 
* 1 there is almost no plant which the Hopi 
does not use in some way,” and “every 
berry patch for miles around is known 
and visited ” Our increasing number 
of exhaustive volumes on primitive ethno- 
botanies affords wide-spread examples of 
such intensive use of wild resources. Of 
the Hupa ethnobotany, for example, we 
read that “They seem to have discovered 
and made use of every vegetable fit for 
food, and in two instances have learned 
to render poisonous plants harmless.” 4 

Out of such a background of natural 
limitation of supply, pressure of popula¬ 
tion on the limited supply, a thorough in¬ 
ventory and intensive exploitation, one 
might expect that purely economic mo¬ 
tives might lead to a conservation of those 
elements of the supply which experience 
would show would diminish and tend to 
disappear if conservation were not ap¬ 
plied. However, some of the facts avail¬ 
able on the subject suggest that spiritual 
motives may have played a large part in 
giving rise to conservation. To primitive 
man there is soul in all things animate 
and (to us) inanimate. 

The primitive hunting Yukaghir of 
northeastern Siberia, for example, in 
hunting the wild reindeer always took 
care to leave some of a herd for breed¬ 
ing ; and in closing a stream with a cross 
weir part of the fish were always allowed 
to pass first that they might spawn. 
Wasteful killing of animals was taboo. 
They appear to have rationalized their 
rude conservation in spiritual terms, 
however. To explain why the elk dis¬ 
appeared from a certain region they tell 

*W. Hough, American Anthropologist, 1897. 
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a tale which explains that the spirit of 
the elk disapproved of a case of wasteful 
killing of elk.® An almost identical tale 
is told by the Micmac Indians of an 
island off Nova Scotia to explain the 
disappearance of the moose from their 
particular area. After an improvident 
killing of moose the remaining moose, 
offended, left the island, never to return. 6 
The Kwakiutl Indians of Vancouver Is¬ 
land, 7 in peeling bark from cedar trees 
for the various important industrial uses 
to which this bark was put, never stripped 
off all the bark of a tree, 4 ‘because the 
young cedar tree would die and then 
another cedar tree nearby would curse 
the bark peeler so that he also would 
die.” And the taking of any bark at all 
from a tree must be propitiated. The 
bark peeler stands before the tree, utter¬ 
ing humble apologies and explaining the 
necessity of taking some bark. 

Speaking of the Ojibway, a literate 
0 jib way himself writes: 

In addition to tho belief m the immortality 
of their own souls, they suppose that all ani¬ 
mals, fish, trees, stones, etc., are endued with 
immortal spirits and that they possess super¬ 
natural power to punish any one who may dare 
despise or make any unnecessary waste of them. 
... In their heathen state they very seldom cut 
down green or living trees, from the idea that 
it puts them to pain; and some of their pow¬ 
wows have pretended to hear the wailing of the 
forest trees when suffering under the hatchet or 
axe.s 

But whether or not in its origins con¬ 
servation was of spiritual motivation 

» W, Jochelson, Jesup Expedition, Memoirs of 
the American Museum of Natural History, Yol. 
10, pp. 146, 148, 150, 1910. 

« F. G. Speck, Beothuk and Micmac, Indian 
Notes of the Heye Museum of the American In¬ 
dian, p. 115, 1922. For general considerations 
see F. G. 8pock, “Naskapi” (Chapter 5 on 
“Animals in Special Relation to Man”), 1934. 

f F. Boas, 35th Annual Report of the Bureau 
of American Ethnology, 1913-14, pp. 616-619. 
In tho Documentos Ineditos . . . Espana, Vol. 
104 pp. 159-60 (Manual de Jacinto de la Serna) 
is a similar Axtec prayer assimilated to Catholic 
ritual. 

s P. Jones, “HiBtory of the Ojibway, ” p. 104, 
1861. 


among some or all peoples who have prac¬ 
ticed it, or whether the spiritual attribu¬ 
tion is a mere rationalization or adven¬ 
titious association with the practice, 
nevertheless, once instituted, conserva¬ 
tion becomes an economic practice and 
the tribal technology is adjusted to it; 
it becomes one aspect of their “state of 
the arts” which could not be discon¬ 
tinued without a diminution in food and 
other supplies. And it is a fact that our 
more important references to conserva¬ 
tion among primitives do not carry any 
reference to anything involved except 
economic expediency. These references 
we shall now turn to. 

Among the Choctaw of the southeast¬ 
ern United States in their old home in 
Mississippi, for hunting, the tribe broke 
up into families and left the village to 
go off into the woods for the regular 
hunting seasons. Laws were enacted 
first, “governing the amount of game 
that might be killed by each family on 
the five rivers, and how much by the 
whole band or okla.” Every month 
each band chief was required to report 
to the head chief just how much had 
been killed by each family under his con¬ 
trol. Besides conservational regulation 
of quantity there were laws confining 
hunting of one type of game and another 
to proper seasons and in proper places, 
laws even controlling fish poisoning and 
spearing. 0 

Among the Mahickan much farther 
north: 

It was a law among them not to kill any 
more game than was necessary for their own use, 
none even to barter, which might have produced 
a temptation to waste their animals. By these 
regulations their game was preserved undimin- 
lshed, the consumption being no greater than 
the natural increase. This law continued in 
force until the Chuckkathuk or white people 
came to this island.™ 

®J. R. Swanton, “The Choctaw,” Bulletin 
103, Bureau of American Ethnology, pp. 54,101, 
1932. 

10 A. Skinner, “Mahickan Ethnology,” Mil¬ 
waukee Museum Publications, Vol. 2, 1925 
(from a Manuscript of 1822). 
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Among the /still more northern hunting 
Algonkians what amounts almost to game 
faming appears, evidenced in the ac¬ 
counts of Speck, Davidson, Hallowell 
and Cooper among the various bands. 
The native owner of a family hunting 
tract explains: 

The beaver is the Indian’s pork; the moose, 
his beef; the partridge, his chickens; t£e caribou 
or red deer, his mhtton. All these formed the 
stock of his hunting ground, which would bo 
parcelled out among his sons when the owner 
died. He would say to each of his sons: “You 
take this part; take care of this tract; see that 
it always produces enough. ’ ’ 

Beaver was made the object of the 
most careful “faming”; the numbers 
of occupants, old and young, to each 
“cabin” of the animals was kept account 
of; breeders were not killed; each year 
only young or very old animals were 
slain. In certain districts moose or cari¬ 
bou would be protected during one year; 
in other districts during the next year. 
Some proprietary families went so far 
as to divide their own territories up into 
quarters around a center, “hunting in a 
different quarter each year and leaving 
the tract in the center as a reserve to 
be hunted over only in case of shortage 
from the exploited tract.” 11 

A conservation practice which might 
conceivably have led on to the develop¬ 
ment of agriculture was observed by 
Curtis among the Kwakiutl of northern 
Vancouver Island. 1 * Among them, clover 
beds, like other lands, are held within 
families, and were particularly valuable 

» Speck, Memoir 70, Canadian Geological Sur¬ 
vey, p. 189, Ottawa, 1915, and Old Penn Weekly, 
p. 5, University of Pennsylvania, 1914-15. 8ee 
also his “Lake St. John Family Hunting Terri¬ 
tories,” Anthropoe , 1927; "Mistassini Family 
Hunting Territories,” American Anthropologist, 
1923; and ‘‘Oka Family Hunting Territories,” 
Ibid., 1926. Also the data on conservation in 
D. S. Davidson, ‘‘Waswanipi Family Hunting 
Territories, Indian Notes, Heye Museum, N. Y, 
1928; and ‘‘Notes on T6te de Boule,” American 
Anthropologist, 1928. 

«E. S. Curtis, “The Kwakiutl, p. 43, 1910. 


because clover roots were a high-priced 
luxury, being considered indispensable 
to good health. “For this reason the 
land is well cared for. The main root 
stocks are never taken, and such pieces 
as are not deemed good for food are put 
back into the ground. This is the near¬ 
est the Kwakiutl ever approached to 
agriculture.” 

The supply of firewood was vitally 
important to the Indians. Consuming 
all the wood so available within a prac¬ 
ticable distance of a settlement would 
necessitate moving the settlement with 
resultant great disadvantage; this was 
as much a cause of village removals as 
was weed infestation of farms among the 
agricultural tribes. One note of conser¬ 
vation is available with reference to fire¬ 
wood and to bark and wood used in¬ 
dustrially in an area where such would 
be particularly important. An Anvik, 
Alaska, Indian told an ethnologist that 
“in getting wood or brush from the for¬ 
est we do not take all there is in any one 
place. We depend on the wood or bark. 
If we destroyed it, we would become 
vagabonds.” 18 

That conservation is aboriginal, prior 
to European influence, where we find it, 
might be brought in question, but there 
seems to be no doubt of its aboriginally. 
The Choctaw and Mahickan data I have 
already cited are for the pre-White 
period, though reported later. And 
Cooper 14 found among the James Bay 
Cree that white influence was breaking 
down the native conservation. Speck 1 " 
in his Mistassini investigation affords 
evidence that the practice antedated the 
coming of the fur-trading companies to 
the northern woodlands and tundras. 

** E. C, Parions, “The Dene of Anvik,” An¬ 
thropoid p. 68, 1920; Cf . W. C. MacLeod, “Fuel 
and Early Society,” American Anthropologist, 
1926. 

** J. Cooper, “James Bay Oreo,” American 
Anthropologist, 1980. 

T, G. Speck, Memoir 70, Canadian Geologi¬ 
cal Survey, 1 "p. 469, Ottawa, 1915. 
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Dunn in 1842 would seem to imply 
that the northern woodlands Indians 
were taught conservation by the fur 
companies; 1 * but Harmon was in the 
same western country many years before 
Dunn. 17 He was the first white man 
among the Carrier Indians of the western 
plateau, and found conservation there 
among them, quite without the possibil¬ 
ity of fur company influence. Inciden¬ 
tally, he also found private or family 
ownership of hunting lands, another 
thing general among the hunting peoples 
of North America which some skeptics 
have thought might be a result of white 
influence. The fact is that the natives 
of the northwestern woodlands had some¬ 
times to struggle against the breakdown 
of their conservation system from some 
fur-trading influences. About 1811 
“free hunters,” including a band of 
Iroquois detached by the fur trade, en¬ 
tered the northwest country and killed 
beaver recklessly. As a result they in¬ 
curred the hatred of the Piegan, Cree 
and other natives of the region because 
of the diminution of the numbers of 
beaver. 1 * Back in their own country over 
a century and a half earlier the Iroquois, 
however, were conservationists, as evi¬ 
denced by their statement of the cause 
of the war between them and the Eries. 
La Hontan writes that the Iroquois made 
war on and exterminated the Eries be¬ 
cause they had trespassed on Iroquois 
territory and “had acted contrary to the 
customs of all Indians, for they had left 
none of the beavers alive; they killed 
both males and female.” 1 * The Eries 
were exterminated in the 1630’s, a time 
when the fur trade was just having its 
effect in this area. 

w J, Duns, “History of Oregon,” p. 65,1842. 

«D. W. Hannon, “Journal,” (1810-19). 

p. 65, and D. Thompson, " Narra¬ 
tive,” (1784-1812), Champlain Society Publi¬ 
cations, pp. 205-6, 658,1916. 

it La Hontan, “ Voyages” (1682-1703), 2 
tola.; 2nd ad., 17*5; Baprint Vol. 2, p. 62, 
1222 . 


So mb Possibilities in the Data 

The above appears to be all that is 
available on conservation among primi¬ 
tive hunting peoples, but the absence of 
other note of it may mean merely that 
the subject has not been inquired into 
in the field. If and when new data are 
available it may be possible to reach 
some interesting conclusions concerning 
the place of conservation in the economic 
development of primitives. In conclu¬ 
sion, we may mention just two of the 
possibilities. 

Meeting with the data, orginally, it 
struck me that the functional relation¬ 
ship between land tenure and conserva¬ 
tion would appear to indicate that family 
or private ownership of hunting lands 
(and such is universal among pre-agri- 
cultural hunters) was a necessary pre¬ 
requisite of conservation. But upon dis¬ 
covering the Choctaw data, this seems 
ruled out, for we have no evidence that 
the Choctaw, who were agriculturists, 
too, although hunting was important 
among them and they were sellers of 
meat to other agricultural tribes, had 
family division of the hunting grounds. 
The Choctaw facts indicate that tribal 
political control could effect conservation 
without private ownership and manage¬ 
ment. 

It occurred to me, also, that conserva¬ 
tion practice may have been the practice 
which led to the development of domesti¬ 
cation of plants and of animals. Aside 
from the dog (kept originally as a pet, 
perhaps) the reindeer appears to have 
been the first animal domesticated by 
man, and this occurred in sub-boreal 
Asia.* 0 Since our data on conservation 
is largely for the adjacent sub-boreal 
hunting cultures of North America, per¬ 
haps one may consider it possible that a 
conservation technique played its part 
in the original reindeer domestication 
whatever part the keeping of pets or 

According to the well-eonsidered investiga¬ 
tion* of Flor and Hoppers of Vienna. 
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animals for sacrifice may have played important plant domestications leads me 
in other domestications. However, as to doubt that any plant domestication 
for plant domestication, my own study ever evolved from an extension of the 
of the motivations underlying certain conservation technique. 


UNITED STATES AND BRITISH UNITS 
OF WEIGHTS AND MEASURES 1 

By HENRY W. BEARCE 

CO-CHIEF, DIVISION OP WEIGHTS AND MEASURES, NATIONAL BUREAU OP STANDARDS 


The weights and measures units in 
commercial, industrial and ordinary 
every-day use in the United States are 
often referred to as the English or cus¬ 
tomary units, as distinguished from 
metric units, and they are generally as¬ 
sumed to be the same as the correspond¬ 
ing units in use in Great Britain. While 
in general this assumption is correct, 
there are a few important exceptions. 

The U. S. yard and the British yard, 
while differing slightly in basic defini¬ 
tion, are essentially equal for all practical 
purposes except the most precise linear 
measurements. The various multiples 
and subdivisions of the yard are also 
essentially equal. Similarly, the U. S. 
avoirdupois pound and the British Im¬ 
perial pound are substantially equal, al¬ 
though differing slightly in basic defi¬ 
nition. On the other hand, the U. S. 
bushel, gallon, quart and fluid ounce 
are quite different from the British units 
of the same names. Of these, the units 
of volume, as applied to liquids, are per¬ 
haps most often confused. 

The U. S. gallon is defined as a volume 
of 231 cubic inches; the U. S. liquid quart 
as 1/4 U S. gallon, or 57.75 cubic inches; 
and the U. S fluid ounce as 1/32 U. S. 
liquid quart, 1/128 U. S. gallon or 0.2256 
cu. in. 

'Published by permission of the director of the 
National Bureau of Standards. 


The British (Imperial) gallon is de¬ 
fined as the volume of 10 pounds of 
water, under specified standard condi¬ 
tions of temperature and pressure. It 
is equivalent to 277.420 cubic inches. 
Thus the British gallon is larger than 
the U. S. gallon by slightly more than 
20 per cent. 

The situation with reference to the 
measurement of volume of liquids, in 
terms of U. S. and British units, is fur¬ 
ther complicated by the fact that the 
relation between the gallons does not 
hold for certain subdivisions of the gal¬ 
lons. For example, while both gallons 
are subdivided into quarts, fluid ounces 
and drams, the method of subdivision is 
not the same in all cases, and while the 
same relation holds between the quarts 
as between the gallons, it does not hold 
between the fluid ounces or between the 
drams. This arises from the fact that 
while in each system of units 4 quarts 
make 1 gallon, and 8 drams make 1 fluid 
ounce, the quarts are not divided into 
fluid ounces in the same way. In the 
U. S. system the quart is divided into 82 
fluid ounces, while in the British system 
the quart is divided into 40 fluid ounces. 
The relations of the units of the two sys¬ 
tems, arranged in tabular form, are as 
follows: 
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U. 8. System 


British (Imperial) System 


8 fluid drams * 1 fluid ounce 
32 fluid ounces *1 quart (liq.) 
4 qts. *128 fl. o* «I gal * 
231 cu. in.-8% lb. 


of water (approx ) 


8 fluid drams * 1 fluid ounce 
40 fluid ounces • 1 quart 
4 qts. *160 fl. os. *1 gal * 

277 420 cu. in. *10 lb. 
of water at 62* F 


From the relation shown in the above 
table it is found that while the British 
gallon and quart are larger than the 
corresponding units of the U. S. system, 
the British fluid ounce and dram are 
smaller than the corresponding units of 
the U. S. system. 

The relations 2 are: 

1 Biitish (Imperial) 

gallon 277 420 cu in 

«1.20095 U S gallon 

1 British (Imperial) 

quart-' % gallon (Imperial) 

» 60 355 cu in 

* 1 20095 U 8 liq quart 

1 British (Imperial) 

fluid ounce -1/40 Imperial quart 

* 3 7339 cu in 

* 0 9008 U. S. fluid ox 

1 British (Imperial) 

fluid drain •> ^ Imperial fluid ox 
*0 2167 cu in 
= 0 9608 TJ 8. fluid dram 

■ 231 cu in 
« 0 83267 Imperial gal 
= Vt r S gallon 

■ f>7.75 cu in. 

= 0 83207 Imperial quart 
*1/32 U 8 quart (liquid) 

* 1 8047 cu. in 
-1 0408 Imperial fl. oz 

* % 1J 8 fluid ounce 
«0,2256 cu in 

1 0108 British fluid drain 

The difference between U. S. and Brit¬ 
ish units of the same name, as shown in 
the above table, sometimes leads to un¬ 
certainty and confusion in the measure¬ 
ment of volumes of liquids and in the 
interpretation of markings on containers 
of liquid commodities. The situation is 
particularly troublesome in the case of 
products bottled and labeled in one 
country and subsequently shipped into 
and sold in another country; as, for ex¬ 
ample, in transactions between residents 
of the United States and Canada. 

It is reported that an American motor¬ 
ist, on her return from Canada, remarked 
that she had found Canadian motor fuel 

a The relations given herein are correct to the 
decimal places given; they should not, however, 
be taken as exact. 


superior to the U. S. product as regards 
miles per gallon. Had she carried her 
observations further she would have 
learned, no doubt, that in Canada her 
tank did not hold as many gallons as she 
was accustomed to putting in it at home 
and that she paid more per gallon in 
Canada than at home. 

Sellers of imported bottled products 
are not always above suspicion in the 
matter of interpretation of markings, and 
newspaper advertisements of such prod¬ 
ucts as wines and liquors are sometimes 
misleading. For example, a Washington 
newspaper not long ago carried an ad¬ 
vertisement in which certain Canadian 
products were listed as “Canadian 
quarts ,' 9 “full Canadian quarts ' 9 and 
“Imperial quarts." As a matter of fact 
there is, of course, no such unit as a 
“Canadian quart" or a “full Canadian 
quart," as distinguished from the Brit¬ 
ish or Imperial quart. The bottles ad¬ 
vertised were, in all probability, short 
measure “fifths," full measure “fifths" 
and Imperial quarts, respectively (a 
“fifth" being 1/5 gallon). 

A point already mentioned that should 
be kept in mind, in relation to U. S. and 
Canadian liquid measures, is that the 
Canadian, British or Imperial fluid 
ounce, instead of being 20 per cent, 
larger than the U. S. fluid ounce, as is 
the case with the gallon and quart, is 
about 4 per cent, smaller than the U. S. 
unit of the same name. That is, in order 
to be equivalent, Canadian and U. S. 
prices per quart and per gallon should be 
in the ratio of 120 to 100; and prices per 
fluid ounce should be in the ratio of 96 to 
100. 

Let us turn now to the British and TJ. 


1 IJ 8 gallon 
1 V S quart (liq ) 

1 U. S. fluid ounce 

1 U. 8 fluid dram 
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S. bushels. The British bushel is defined 
as 8 Imperial gallons, which is equivalent 
to 2219.36 cubic inches, and the U. S. 
bushel is defined as 2150.42 cubic inches. 
That is, the British bushel is larger than 
the U. 8. unit of the same name by about 
3.2 per cent. The British bushel is 
divided into 32 quarts of 69.355 cubic 
inches, while the U. 8. bushel is divided 
into 32 dry quarts of 67.20 cubic inches. 
Thus the British (Imperial) quart, 
which is used for both liquid and dry 
commodities, is larger than the U. 8. dry 
quart by 3.2 per cent., while it is larger 
than the U. 8. liquid quart by 20.1 per 
cent. 

Now just a word about pounds and 
tons. As already stated, the British and 
U. S. avoirdupois pounds are practically 


equal; but in the United States 100 
pounds make 1 hundredweight, while in 
Great Britain the hundredweight is 112 
pounds or 8 “stone” of 14 pounds. Sim¬ 
ilarly, the ton in the United StateB is 
usually 20 hundredweight, or 2,000 
pounds, while in Great Britain it is 20 
hundredweight of 112 pounds each or 
2,240 pounds. (The “long ton” of 2,240 
pounds is used to some extent in the 
United States, especially in the coal in¬ 
dustry, while the “cental” of 100 pounds 
is used to some extent in Great Britain.) 

It is seen from the foregoing that al¬ 
though our customary weights and mea¬ 
sures units are in many cases the same as 
the British units of the same name, they 
differ rather widely in certain other im¬ 
portant cases. 


PLANKTON AND INVERTEBRATES 
OF THE ANTARCTIC 

By DR. EARLE B. PERKINS 

ZOOLOGICAL LABORATOKT, BUTQEM UNIVERSITY; ZOOLOGIST, 

BYRD ANTARCTIC EXPEDITION II, 1033-1935 


When the second Byrd Antarctic Ex¬ 
pedition left Boston on October 11, 1933, 
for extensive explorations and scientific 
investigations in the Ross Sea Depen¬ 
dency and Marie Byrd Land, the biologi¬ 
cal staff had outlined a rather elaborate 
program. This included work on bac¬ 
teria, plankton, such invertebrates as 
were likely to be met with, the relatively 
few fishes and the penguins and seals 
which are so typically Antarctic. Fur¬ 
ther, a collection of algae, lichens, mosses 
and microscopic life in the fresh water 
pools was to be made by the sledging 
parties going to the mountains, and the 
skins of birds and seals procured for 
study and museum display. In addition 
to bringing back preserved specimens it 
was the hope of Admiral Byrd and the 
biologists that live seals and penguins 


could be brought to the States for further 
study of their physiology and behavior. 

It is gratifying to find in summarizing 
the accomplishments of the expedition 
that a great deal of the original pro¬ 
gram has been carried out. This is par¬ 
ticularly noteworthy in view of the many 
difficulties which were encountered in a 
region so remote and where unfavorable 
weather conditions and environmental 
handicaps greatly impeded activities. 
Studies and collections were made in 
every phase of the biological work as out¬ 
lined in the beginning, and when finally 
presented in the published reports and 
as museum specimens will amply justify 
the inclusion of a biological program in 
the work of a polar expedition. 

This preliminary account of studies On 
invertebrate life and the composite plank- 
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ton represent* only that part of the 
program with which I was primarily con¬ 
cerned, the other phases of the investi¬ 
gations being presented separately by 
those members of the staff responsible for 
them. 

Plankton 

This includes the zoo- and phyto¬ 
plankton collected and photographed 
during the two crossings of the Pacific, 
within the Antarctic Circle, the Ross Sea 
and the Bay of Whales. Collections be¬ 
gan shortly after leaving Panama and 
were carried on with but few interrup¬ 
tions to Easter Island, and then followed 
a great circle course to Wellington, New 
Zealand. This was over a route infre¬ 
quently traveled. Within the Antarctic 
Circle the ship pushed eastward through 
unknown waters to the 118th meridian. 
Collections were made in this interesting 
area of icebergs and pack ice where no 
ship had been before, as well as over the 
return course to the Ross Sea. 

At Little America there was little op¬ 
portunity for extensive collections be¬ 
cause of unfavorable weather conditions 
and heavy ice. Several hauls were made, 
however, through the bay ice during the 
period of darkness, as well as rich collec¬ 
tions from upturned blocks of ice which 
were deeply colored with many species 
of diatoms. As soon as ice conditions 
permitted, in December, 1934, vertical 
hauls were made with the plankton net 
through cracks in the bay ice at as fre¬ 
quent intervals as weather conditions 
permitted. This was continued until the 
arrival of the ships late in January, 1935, 
when the work was carried on aboard the 
S.S. Bear of Oakland in the Ross Sea, 
and on the passage to Dunedin. From 
there a continuous series of samples was 
taken aboard the S.S. Jacob Buppert at 
50-mile intervals across the southern 
Pacific to Panama, via Easter Island, by 
allowing a stream of sea water from the 
main circulating pump to run through 


the net. In all cases records were kept 
of temperatures and salinities, and a com¬ 
plete photomicrographic record made of 
the many species obtained—the photo¬ 
graphs being made before the preser¬ 
vative had altered the appearance of the 
specimens. In some cases where the mate¬ 
rial warranted it, cinemicrographs were 
made of active specimens. This was of 
particular interest in connection with 
living rotifers, tardigrades and proto¬ 
zoans brought back from the Edsel Ford 
Mountains in Marie Byrd Land and from 
the Rockefeller Mountains. 

Pending the completion of the task of 
identifying the many species found in 
the plankton very little can or should be 
said concerning them, other than to state 
the character of the hauls in a general 
way. The following is a brief review of 
the nature of the plankton samples in the 
wide range of areas covered. 

South Pacific, November-December, 
1933. The vast majority of organisms 
obtained consisted of many species of 
copepods with striking variety as to size, 
shape and color. Also making up a large 
part of the catches were diatoms, dino- 
flagellates, radiolarians, heliozoans, colon¬ 
ial hydroids, Sagittae, a few annelids, 
pteropods and other small gastropods, 
including a pelagic nudibranch. During 
the afternoon of December 1, in Latitude 
38° 30' South—Longitude 169° 45' West, 
large brown patches were seen in the 
water for the first time, varying in size 
from a foot or two square to about 25 by 
200 feet, all with sharply defined edges. 
Plankton samples taken during this time 
contained vast numbers of Peridinium, 
not hitherto seen. 

Between November 21 and November 
29 only two samples were retained be¬ 
cause of the nearly complete absence of 
plankton in the filtered water. This was 
along the 33rd parallel between 122° 
and 161° west longitude in a zone of 
rapid change of water temperature. On 
November 20 the water temperature was 
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19 C. and on November 29 it had 
dropped to 16° C. At this colder tem¬ 
perature and beyond the transition zone 
the plankton became abundant again. 

On the whole, the amount and variety 
of life in the samples taken, considering 
the great volume of water filtered, is rela¬ 
tively small compared to the planktonic 
"soup” so easily obtained in colder 
waters. Nevertheless, the collections are 
of considerable interest because they were 
made in a region far removed from the 
usual paths of ships across the Pacific. 

Antarctic Seas. With rapidly falling 
water temperatures on the voyage to the 
Ross Sea from New Zealand, there was 
the expected change in the character and 
abundance of plankton. Whereas cope- 
pods and other small crustaceans had 
been the most conspicuous feature of 
warmer waters, with temperatures lower¬ 
ing rapidly from 10° C. out of New Zea¬ 
land to -1.5° C. in the pack ice, the algae 
became dominant to the eventual exclu¬ 
sion of all other forms of life at the sur¬ 
face. Myriads of these organisms were 
caught at each haul of the net, repre¬ 
senting many different species. Pack ice 
and the water line of bergs and ice islands 
were conspicuously stained a yellowish- 
green by the countless numbers of these 
unicellular plants. 

Bay of Whales. After construction of 
the laboratory at Little America and the 
major part of establishing the winter 
camp had been completed, work was re¬ 
sumed on the plankton of the Bay of 
Whales. The first successful haul was 
made on April 9, 1934. The newly 
formed bay ice was then about two feet 
thick. A vertical haul of 300 feet yielded 
an abundance of copepods and a few 
diatoms. There were also several speci¬ 
mens of living globigerina and radiolaria. 
A block of ice from the bottom layer of 
the newly formed bay ice contained sev¬ 
eral types of diatoms which had become 
trapped as the water froze. At the same 


time a piece of plankton-colored iee from 
an upturned piece of pressure ridge was 
brought back to the laboratory and found 
to contain a highly concentrated mam of 
phytoplankton. 

On April 17 another plankton haul was 
made, this time from the bottom at 330 
fathoms. Mud adhering to the weight 
contained many shells of foraminifera 
and a few nematode wormB. Copepods 
and a few spindle-shaped diatoms were 
brought up in the net, as well as several 
radiolarians. 

The next haul was on May 15 through 
four feet of ice. The net was drawn up 
from 800 feet and was highly luminescent 
from the many copepods captured. These 
continued to emit light for some time 
after being brought back to the labora¬ 
tory. The sample also contained sev¬ 
eral types of diatoms, radiolarians, many 
small gastropods and some algal frag¬ 
ments. 

After the sun disappeared on April 19 
the amount of daylight at noon dimin¬ 
ished rapidly so that the work was done 
in the darkness of the winter night and 
under severe temperature conditions. 
Getting a hole through the ice became a 
considerable problem, and handling the 
net to drain the sample before it became 
frozen required rapid and sometimes 
painful work. Every hope was held, how¬ 
ever, for the continuation of the collec¬ 
tions so that the changes in the plankton 
could be followed through the period of 
darkness. After chopping through five 
feet of ice on May 28 a successful haul 
was made from 700 feet, with the ex¬ 
pected results. There were no diatoms 
present, but many copepods—a few be¬ 
ing about 4 mm. long. 

During the height of the Antarctic 
summer the diatoms reign supreme in the 
upper regions of the water. In the Bay 
of Whales a single vertical haul from a 
depth to which light penetrates will bring 
up countless numbers of individuals rep- 
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PHYTOPLANKTON TAKEN FROM THE BAY OF WHALES. 


resenting a score of species. These algae 
reproduce at an amazing rate during the 
period of constant daylight and serve as 
food for hosts of animals. As the winter 
night approaches there is insufficient light 
for them to carry on their photosynthetic 
activities and they disappear. But the 
animal life continues, subsisting upon 
the remains of the algae, suspended or¬ 
ganic material and stored food reserves 
In the frigid depths of the bay, under a 
dozen feet of ice, and in the darkness of 
the winter night there live vast numbers 
of organisms defying what seems to us 
the most inhospitable climate in the 
world. Actually, however, except for the 
nearly complete absence of light in the 
upper regions of the water their environ¬ 
ment has not changed since summer, when 
the blazing sun drove millions of tons of 
ice out of the bay. The water tempera¬ 
ture remains very close to the freezing 
point throughout the year, and with suf¬ 
ficient food materials present animal life 
is able to continue even without light. 
The low temperature reduces organic de¬ 
composition to a minimum, so food is 
abundant, yet it is an expensive diet. 


The supply is limited because no more is 
being produced The invertebrates are 
living on others of their kind; the fishes 
are eating the crustaceans; the seals, as 
long as they can find a place to breathe, 
are living on the fish and crustaceans, de¬ 
pendent upon the return of the sun— 
and the diatoms. 

Another haul was started on June 28, 
but due to the extremely low tempera¬ 
tures the hole was not completed until 
the 29th. At that time the temperature 
was - 52° F. with a 15-mile wind. Work¬ 
ing by lantern light in the bottom of the 
hole was awkward and the water rushed 
up before a suitable opening had been 
made. When later cleared with a long- 
handled chisel, it was found impossible to 
get a net through the underlying mush 
and crystals. A 15-foot pole did not 
reach through to clear water. This dense 
layer of crystals formed under the solid 
ice effectively stopped further plankton 
work, and the studies on plankton dis¬ 
tribution through the period of darkness 
had to be abandoned. 

After the return of the sun on August 
22 plankton work and all other collections 
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near Little America were greatly handi¬ 
capped because of ice conditions. Al¬ 
though seal holes were easily readied and 
appeared to offer a likely place for lower¬ 
ing the net, it was soon found that in¬ 
variably there was a thick layer of ice at 
depths of from ten to fifteen feet be¬ 
neath the surface which prevented the 
further descent of the net. A few cope- 
pods were obtained, however, bf bailing 
water through the net from the surface 
Pieces of meat suspended in the holes at¬ 
tracted numerous amplupods. An unsuc¬ 
cessful attempt to blast a hole through 
the thick bay ice resulted only in filling 
the hole with broken iee, mush and 
crystals. The first successful catch was 
made through a large crack which ap¬ 
peared in December. Vertical hauls from 
300 feet were made every day that the 
weather permitted Several Euphausia, 
amphipods and a few small medusae were 
obtained with a dip net On the whole 
there was a disappointingly small amount 
of plankton obtained because of the dif¬ 


ficulty of getting the net into clear 
water. 

With the arrival of the Bear of Oak¬ 
land in the Bay of Whales on January 19, 
1935, every opportunity was once more 
afforded to obtain plankton. A labora¬ 
tory was set up on board with full facili¬ 
ties for collecting and photographing 
Vertical and horizontal hauls brought in 
a rich collection, chiefly diatoms Many 
of these were in the process of division 
When a scrim net one meter in diameter 
and four meters long was towed for one- 
half hour at the rate of about one knot, 
an astounding mass of phytoplankton was 
obtained, completely filling a gallon jar 
with the thick “planktonic soup.” The 
collecting of plankton was continued for 
several days at the opening to the Bay of 
Whales, in the Ross Sea within a radius 
of 20 miles from the bay, westward along 
the Ross Barrier to Discovery Inlet, and 
then northward out of the ltoss Sea to 
New Zealand 

South Pacific , March to April , 1935. 



MAKING MICRO-MOVIES OF LIVING PLANKTON. 

Dr. E. B. Perkins is shown in his laboratory at Little America. 
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Continuous plankton collections were 
made from Dunedin to Panama, via 
Easter Island and the Galapagos Islands, 
by filtering a stream of sea water led off 
from the main circulating pump in the 
engine room. The ship’s sea water intake 
is about 15 feet below the surface and the 
outlet to the plankton net about 10 feet 
from the ship’s side. The arrangement 
was a good one—delicate organisms were 
not crushed and there was no rust nor 
scale to interfere with the routine ex¬ 
aminations. The plankton bucket was 
emptied on the average of three times 
daily, some hauls being taken during day¬ 
light hours and some during darkness in 
order to bring out diurnal variations. A 
great variety and abundance of plankton 
was obtained which, as a complete series 
of stations at short intervals across the 
South Pacific, should be of considerable 
interest. 

Beginning on the evening of March 24 
at Lat. 42° 40' S. Long 141° 06' W. and 
lasting for four days to Lat. 39° 05' S. 
Long. 129° 45' W. there was a spectacular 


display of the colonial ascidian Pyrosoma. 
As far as the eye could reach the sea was 
swarming with these highly luminescent 
organisms. Some of them were of huge 
size, being approximately 18 inches long 
and 5 inches wide. 

The plankton collected on this second 
crossing of the Pacific was perhaps the 
most interesting of all because of the 
great variety of forms and the change 
in general character of the catch during 
the long, slow voyage. Copepods, of 
course, were the most numerous, but the 
variety of form and delicacy of color¬ 
ing made them of never-failing interest 
and good photographic subjects Salps, 
small polychaetes, pteropods, decapods 
and other small maerurans in abundance, 
radiolarians, peridinians and a host of 
other organisms made the thrice-daily 
collection an event in the day’s routine. 

Dkedging—Bay of Whales 

While the Bear was waiting for the 
ice to go out of the bay so that supplies 
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SEAL HOLE USED FOR PLANKTON COLLECTIONS, BAY OF WHALES, ANTARCTICA. 


could be loaded for the return voyage, 
there were several opportunities for 
dredging. The first haul was made on 
January 22, the dredge being shot in 540 
meters of water between East and West 
Capes. The dredge brought up one com¬ 
plete cfrinoid and several stalks, four 
holothurians and several species of poly- 
chaetes—some with complete mud cases. 
Much blue and yellow clay and many 
stones were brought up in the dredge. 
Bottom deposit samples were kept. An¬ 
other dredging from 480 meters off West 
Cape, where the bottom is rocky and 
slopes upward to the ridge which parallels 
the Ross Barrier, brought up tunicates, 
lamellibranchs, many small sponges, poly- 
chaete and sipunculid worms, colonial 


bryozoans, asteroids and ophiuroids Off 
East Cape the list of bottom animals at a 
depth of 490 meters includes polychaetes, 
tunicates, holothurians, pycnogonids, a 
large sponge, bivalve mollusks and 
braehiopods. Other hauls with the 
dredge in the vicinity of the bay brought 
much the same variety of animal life. 
The bottom life is exceptionally rich and 
well worth investigating further. 

The collections obtained, both plankton 
and dredge hauls, have had a preliminary 
examination, and the most characteristic 
or unusual forms have been photo¬ 
graphed. Critical examinations have, of 
necessity, been deferred until a later time, 
when descriptions of the collections will 
be made available. 








THE PROGRESS OF SCIENCE 

THE CHRISTMAS MEETING OF THE AMERICAN ASSOCIATION 


Atlantic City is to be host to the 
American Association for the Advance¬ 
ment of Science and Associated Societies 
for the ninety-ninth meeting, which will 
be held in the week from December 28 
to January 2, 1937. Only one meeting 
has been held in Atlantic City pre¬ 
viously, and that occasion was voted most 
successful The large, well-planned and 
recently renovated Municipal Audi¬ 
torium affords admirable meeting places 
for most events; sections and societies 
which desire separate rooms have found 
their needs well met in nearby hotels. 
Headquarters, auditoriums and banquet 
halls for all organizations are within easy 
reach of each other and members will en¬ 
joy unusual opportunities for confer¬ 
ences and personal contacts without the 
expenditure of time often involved in 
such undertakings at usual meeting 
places. 

Those who have been privileged to at¬ 
tend meetings of the British Association 
have been deeply impressed by the op¬ 
portunities offered for social contacts 
and have felt the value of the associated 
informal exchange of views between stu¬ 
dents in different fields The suggestion 
has often been made that the American 
Association could perform a real service 
by introducing similar features to 
lighten the pressure of overcrowded pro¬ 
grams and intense concentration on indi¬ 
vidual lines of work. The long distances 
between hotels and meeting places of dif¬ 
ferent groups in our large cities neces¬ 
sarily limit narrowly such contacts and 
reduce social influences to lowest terms. 
Atlantic City is well adapted to permit 
the enjoyment for the once of a new type 
Of meeting, and the executive commit¬ 
tee of the association has planned some 
unusual features to provide for such an 
opportunity. 

The accessibility of Atlantic City to all 
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parts of the country and the large num¬ 
ber of affiliated societies which have ar¬ 
ranged to meet there as well as the pro¬ 
grams already announced indicate that 
the meeting will be well attended. Two 
unusual features call for particular men¬ 
tion in this connection. A special pro¬ 
gram has been planned for Friday, in¬ 
cluding a general luncheon for members 
of all sections and societies at which a 
distinguished representative of the Brit¬ 
ish Association will address the gather¬ 
ing. Final details for this event will be 
announced later. On Friday evening 
there will be a special showing of new 
films on scientific research. 

The association has accepted an invita¬ 
tion from the old and justly famous sci¬ 
entific societies of Philadelphia to ad¬ 
journ to that city for Saturday. Pro¬ 
grams for different groups are being ar¬ 
ranged The American Philosophical 
Society, the Franklin Institute and the 
Philadelphia Academy of Natural Sci¬ 
ences are cooperating in the arrange¬ 
ments. A complimentary luncheon and 
a visit to scientific institutions of the 
city complete the day’s program. 

The evening sessions in Atlantic City 
will follow the usual plan of the associa¬ 
tion Monday evening is devoted to the 
address of the retiring president, Dr. 
Karl T. Compton, of the Massachusetts 
Institute of Technology. The Sigma Xi 
Lecture on Tuesday evening is to be 
given by Dr. Henry Q. Knight, chief of 
the Bureau of Chemistry and Soils, on 
the topic, “The Effect of Traces of 
Selenium in Soils on Plants, Animals and 
Public Health.” The Wednesday eve¬ 
ning address, sponsored by the United 
Chapters of Phi Beta Kappa, will be de¬ 
livered by President James R. Angell, of 
Yale, on “The Scholar and the Special¬ 
ist.” On Thursday evening occurs the 
address of the president of the American 
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Society of Naturalists, Professor C. E. 
Allen, of the University of Wisconsin, on 
“Haploid and Diploid Generations.” 
Afternoon general sessions will include 
the following: An address by I)rs. Zim¬ 
merman and Hitchcock, recipients of the 
Association Prize award at St Louis, on 
the subject, “Response of Plants to Hor¬ 
mone-like Growth Substances”; and an 
address by Dr 0 C. Little, of the Jack- 
son Memorial Laboratory, on “The So¬ 
cial Significance of Cancer ” The long 
series of vice-presidential addresses is 
distributed over the days from Monday 
to Friday, their topics, though chosen 
with regard to tin 1 special field of the in¬ 
vestigator and his section, appeal also to 
workers m related fields, often in a wide 
circle Thursday afternoon is devoted 
to the Naturalists ’ Symposium, for 
which this year the topic chosen is “Su- 
pra-specific Variation from the View¬ 
points of Biology and Paleontology ” 
The programs of the sections and socie¬ 
ties are replete with interesting material, 
and it is impossible to do more than refer 
to a few items in a brief notice such as 
this Symposia and discussions on prob¬ 
lems of to-day are included in almost 
every program, such as those concerning 
cellular physiology, genetics and devel¬ 
opment, speed and the airplane, experi¬ 
mental populations, climatic variations 
and weather predictions, biological ef¬ 
fects of radiation, properties of proto¬ 
plasmic surfaces, radiant energy in the 
treatment of disease, the cortex and be¬ 
havior; insects in relation to man 

The Cancer Symposium planned by 


the Section on Medical Sciences promises 
to be the most comprehensive presenta¬ 
tion on that subject yet worked out and 
the outstanding event of the meeting. 
Seven separate sessions extending from 
Tuesday to Friday inclusive list invited 
papers on various aspects of the subject 
which together present a thorough sur¬ 
vey of this field. Questions concerning 
the biological aspects of radiation con¬ 
stitute the first session; the relation of 
hereditary and constitutional factors to 
the occurrence of cancer is considered in 
the second session; two sessions follow¬ 
ing are devoted to carcinogenic sub¬ 
stances, the relationship of sex hormones, 
the significance of viruses and of in¬ 
hibitory agents Thursday will be de¬ 
voted to tissue culture work and the 
metabolism of cancerous tissue. On Fri¬ 
day afternoon Dr Walter Schiller, of 
Vienna, will lecture on changes in the 
conception of carcinoma. The tremen¬ 
dous activity manifested in this field of 
cancer research recently makes this sym¬ 
posium timely for bringing together 
views on what is a most important prob¬ 
lem in human biology. 

Several societies have announced spe¬ 
cial demonstrations, and the Meteorolo¬ 
gists plan to send up some unmanned 
balloons if the weather permits. Finally 
the science exhibition, which has for 
years grown in variety and interest, bids 
fair to be even better this year. It will 
command the attention of all in atten¬ 
dance at Atlantic City. 

Henry B. Ward, 
Permanent Secretary 


THE MEETING OF THE FOUNDER SOCIETIES OF THE AMERICAN 
INSTITUTE OF PHYSICS 


A three-day meeting of all the 
Founder Societies of the American In¬ 
stitute of Physics took place on October 
29, 30 and 31 at the Hotel Pennsylvania, 
New York City. This was the largest 
meeting of physicists ever held in 
America. The actual registration was 


over 900, but then* were perhaps an ad¬ 
ditional 300 who did not register. Some 
of the general sessions were attended by 
approximately 1,000 people. 

The societies meeting together were 
the American Physical Society, Optical 
Society of America, Acoustical Society 



578 


THE SCIENTIFIC MONTHLY 


of America, Society of Rheology and the 
American Association of Physics Teach¬ 
ers. This is the first time that these, 
the only national physical societies in 
America, have met simultaneously. They 
commemorated the fifth anniversary of 
the American Institute of Physics. Since 
one of the broad purposes of the institute 
is to bring about cooperation between 
pure science and the applications of this 
science in industries, it was appropriate 
for this meeting to emphasize industrial 
physics. Besides the scientific sessions 
there was a large group of exhibits illus¬ 
trating applications of physics and in¬ 
struments used in measuring physical 
quantities. The most recent text-books 
in the field of pure and industrial physics 
were also on display. Much interest was 
centered around these exhibits, and there 
were often as many people visiting the 
exhibits as there were attending the sci¬ 
entific sessions. 

One of the features of the meeting was 
a symposium on the training of physicists 
for industry In preparation for this 
symposium, the American Institute of 
Physics sent out questionnaires to many 
prominent industrial physicists inquir¬ 
ing as to which elements in their train¬ 
ing have proved most valuable. The 
many painstaking replies to this ques¬ 
tionnaire showed an enormous interest 
in the kind of preparation an industrial 
physicist should have and provided much 
material which was reviewed and classi¬ 
fied by the principal speakers at the 
symposium. Dean Homer L. Dodge, of 
the University of Oklahoma, discussed 
this material from the point of view of 
the educator, while Dr. A. R. Olpin, di¬ 
rector of research of the Kendall Mills, 
interpreted the answers from the point 
of view of the industrialists. Many 
valuable facts concerning the training of 
physicists were brought out in these 
papers. Industrialists felt that in many 
cases students were studying too much 
in the field of atomic and nuclear struc¬ 
ture at the expense of fundamental and 


classical physics. It was their recom¬ 
mendation that more attention be paid 
to the fundamentals and that most of 
the specializing be taken up after em¬ 
ployment in industry. There is in in¬ 
dustry a decided need for men trained 
in the ability to apply mathematics to 
physical problems. It is often helpful 
for those going into industry to study, 
besides their fundamental physics, a few 
engineering subjects and especially to 
have facility with ordinary shop practice 
and to be able to make simple drawings 
for design work. Almost as important 
as a person’s technical knowledge in in¬ 
dustry is his ability to cooperate with 
other people. The industries have no use 
for the brilliant but eccentric and self- 
centered research scientist. Further¬ 
more, since a man must be able to trans¬ 
mit hia ideas to others, the need for 
better training in the writing and speak¬ 
ing of good English was stressed 

A series of invited papers constituted 
a symposium on the applications of 
physics m industry. The need for phys¬ 
icists on the staffs of industrial com¬ 
panies was brought out very clearly by 
Dr. Zay Jeffries and Dr. E Q. Adams 
in their paper on the metal industries, 
by Dr. E. 0. Sullivan in his paper on 
the glass industry and by Dr. Paul D. 
Foote in his paper on the oil industry. 
These men pointed out how great is the 
need for physical rasearch if other in¬ 
dustries wish to follow the great progress 
which the electrical industry has made 
iri the last fifty years. Dr. Joseph 
Hlepian discussed some of the problems 
arising in the electrical industry. Some 
of the phases of physics which can be 
applied more generally were discussed 
by Professor J. P. Den Hartog of Har¬ 
vard in his paper on vibration. He 
pointed out how important the question 
of resonance in mechanical systems is 
and how often such resonance leads to 
a breakdown at some unexpected time. 
Dr. Clark Millikan brought out the fact 
that whenever the margin of safety has 
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to be drawn very narrow, such as in the 
airplane industry, where excess weight 
must be kept to a minimum, the applica¬ 
tion of physics is especially important. 
One can not guess at results in this field. 
He must know exactly how stresses are 
distributed and where unnecessary parts 
may be reduced in order to keep the 
weight down and yet not reduce the 
safety factor. Dr. Millikan emphasized 
that more and more in the future a 
thorough training in the fundamentals 
of physics will be necessary for an en¬ 
gineer. The vice-president of Bemis 
Industries, Inc., Mr. John Ely Burchard, 
discussed the need for greater applica¬ 
tions of physics in the building industry. 
Mr Burchard felt that here was a won¬ 
derful opportunity for the applications 
of the principles of physics to increase 
the comfort of the ordinary man. As an 
example of how physics may contribute 
to the convenience of mankind in gen¬ 
eral, Dr. O. E Buckley, of the Bell Tele¬ 
phone Laboratories, traced in detail the 
solution of a problem in communication 
At every stage in this problem progress 
was made by the application of physical 
principles 

Taken as a whole this symposium con¬ 
stituted a very convincing demonstration 
of the necessity and magnitude of physics 
in the development of industries. The 
meeting was attended by a number of 
non-techuical executives whose responsi¬ 
bility it is to control the emphasis placed 
on research in their corporations. 

In line with the purpose of the sym¬ 
posium, the institute announced a new 
Journal of Applied Physics. This 
journal will replace the old journal, 
Physics , and will carry on the program 
initiated by its predecessor in the pub¬ 
lication of research papers. In addi¬ 
tion, new features will be developed 
which will in many ways alter entirely 
the character of the journal. Papers 
describing in a broad w r ay the applica¬ 
tion of physics in particular industries 
or in the borderline sciences will be pub¬ 


lished. Laboratories will be discussed 
with emphasis on the personnel and or¬ 
ganization rather than on the buildings 
and equipment. Biographical sketches 
of those who are applying physics will 
be included. Especially for those in the 
applied physics field, reviews of recent 
important articles in other journals will 
be published along wdth short sketches 
concerning the authors of these papers. 
Great interest w r as expressed in this 
new journal and the many advance sub¬ 
scriptions placed constitute an endorse¬ 
ment of its purpose of stimulating the 
industrial application of physics and 
serving those engaged in making such 
applications. 

Besides the general symposia on indus¬ 
trial physics, there was also a symposium 
on the applications of optica in modern 
science, which w T as arranged by the Op¬ 
tical Society of America, and a sym¬ 
posium on the nature of the solid state, 
arranged by the Metropolitan Section of 
the American Physical Society. The 
search for new sources of light and the 
applications of optics in the textile in¬ 
dustry and medicine were considered in 
the former. The latter, on the solid 
state, brought out the fact that modern 
atomic structure is being closely re¬ 
lated to the ordinary bulk properties of 
materials. 

The intense interest of physicists for 
research in pure physics was indicated 
by the fact that there were nearly a 
hundred contributed short papers. Each 
of these papers described an advance in 
some particular phase of physics. Each 
one when considered by itself perhaps 
does not represent a very great increase 
in our knowledge, but when one con¬ 
siders the enormous increase indicated 
by the total number of papers one can 
well understand why the period of the 
last few 7 years has been referred to as 
the “renaissance of physics.” 

Henry A. Barton, 
Director 

American Institute of Physios 
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PHOFmSOR RAYMOND DODGE 

An oil portrait by Lloyd Bowers Embry rfoently hung in the Institute 

or Human Relations. 
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RETIREMENT OF PROFESSOR RAYMOND DODGE 


An oil portrait of Professor Ray¬ 
mond Dodge, presented to Yale Univer¬ 
sity by friends and colleagues of Dr. 
Dodge, was recently hung m the Insti¬ 
tute of Human Relations. Dr. Dodge, 
who became emeritus last dune, was ap¬ 
pointed professor of psychology at Yale 
m 1924, and together with Professors 
Clark Wissler and Robert M Yerkes, 
also appointed the same year, shared in 
the organization of the Yale Institute of 
Psychology under the chairmanship of 
Professor Roswell P Atigier This in¬ 
stitute was a very active research center 
during the next five years, within which 
period Dr Dodge, with the collaboration 
of his graduate students and assistants, 
published some twenty scientific papers 
contributing importantly to such topics 
as optic nystagmus, inhibition, modifica¬ 
tion of reflex response, protopraxic and 
epicritic stratification and conditions of 
human variability. 

In 1929 the Institute of Psychology 
was merged in the reorganization that 
resulted in the Yale Institute of Human 
Relations. In these plans and delibera¬ 
tions Dr. Dodge participated with en¬ 
thusiasm, spending a large part of one 
academic year working on laboratory 
construction plans and in traveling in 
the United States and Europe on scien¬ 
tific missions The new institute, when 
it became a reality, already owed much 
to Dr. Dodge; and from its opening day 
he has played a leading role in its many- 
sided activities The complexities of 
administrative and committee duties 
necessarily limited his personal experi¬ 
mental studies in the ideally arranged 
laboratories of his own design, but 
through his unfailing counsel and stimu¬ 
lation of younger men within the insti¬ 
tute he has multiplied his scientific in¬ 
fluence and productiveness during these 
past few years. 

Professor Dodge was the discoverer of 
fundamental laws in the field of visual 
perception. In one of his early papers 
he classified, for the first time, the several 
types of eye-movements by which visual 


experience is mediated under varying 
relationships of the organism and its en¬ 
vironment . One line of research flowing 
from his work has been the eye-movement 
studies of reading which have developed 
principles of wide applicability in the 
teaching of reading in our schools. An¬ 
other line has led to the development of 
methods applicable to eye-reflex record¬ 
ing with animals, a field which has been 
fruitful in studies of learning and con¬ 
ditioning. A third sub-group of his 
vision studies, that of optic nystagmus, 
has given results immediately useful in 
theoretical and clinical neurology The 
basic character arid wide usefulness of 
Dodge’s results and methods could be il¬ 
lustrated by many examples, and it is 
earnestly to be hoped that his health •will 
permit him to continue scientific publi¬ 
cation from Ins new residence at Tryon, 
North Carolina 

The portrait, a reproduction of which 
accompanies this note, is life-size and 
shows Dr Dodge in his laboratory. He 
is seated by a small table, on which there 
are several photographic records, and is 
holding a magnifying lens in his right 
hand In the background at the left 
with its heavy wooded frame depicted in 
dark red appears a timing instrument. 
This is a faithful representation of 
Dodge’s historic, and si ill used, pendu¬ 
lum photo-chronograph, a halftone illus¬ 
tration of which appears at the head of 
Ins article, ‘‘The Act of Vision,” in 
Harper's for May, 1902 In the portrait 
Professor Dodge is represented as listen¬ 
ing with critical attention to some bit of 
psychological theory that an associate is 
trying out on him The artist, Mr. 
Lloyd Rowers Embry, a recent graduate 
from the Yale School of Fine Arts, has 
given us a remarkably successful picture 
of Raymond Dodge the scientist. The 
expression is both genial and critical, 
conveying warm friendliness and at the 
same time giving something of the stimu¬ 
lating challenge so characteristic of the 
subject of this portrait. 

Walter It. Miles 
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THE TELEVISION DEMONSTRATION 


The latest television demonstration 
conducted for representatives of the 
press by the Radio Corporation of Amer¬ 
ica and the National Broadcasting Com¬ 
pany jointly on November 6 focussed at¬ 
tention anew on the field tests in this new 
art. which are proceeding in the New 
York area. To guests gathered in the 
RCA Building at Radio City, a forty- 
minute program illustrating RCA ex¬ 
perimental developments was brought by 
radio. 

David Sarnoff, president of the Radio 
Corporation of America, reported on re¬ 
sults of the field tests conducted by the 
company engineers since they were in¬ 
augurated on June 29 of this year, 
Lenox R. Lohr, president of NBC, told 
of the practical problems presented in 
staging performances of the air. 


Although demonstrations of laboratory 
television had previously been given, this 
was the first to be conducted under prac¬ 
tical working conditions. It represented 
the first showing of a complete program 
built for entertainment value as well as a 
demonstration transmission. It also in¬ 
cluded the first showing of a new 12-inch 
receiving tube, which reproduces a pic¬ 
ture on a 7i by 12-mch screen—the 
largest screen yet employed. 

The program originated in NBC stu¬ 
dios in the RCA Building, which are 
linked by both ultra-high frequency 
radio and coaxial cable with the trans¬ 
mitter atop the Empire State Building 
In this instance reception of the signals 
from the Empire State transmitter was 
accomplished in a room on the sixty- 
second floor of the RCA Building. 



DR. V, K. ZWORYKIN 

HOLDING THE * i KINESCOPE, 9 ’ OR CATHODE KAY RECEIVING TUBE. 








PROGRESS OF SCIENCE 


583 



THE ‘ * ICONOSCOPE 9 ’ 

The deflection of the electron ream for 

SCANNING THE MOSAIC IS ACCOMPLISHED BY A 
MAGNETIC FIELD THE DEFLECTION COILS ARE 
ARRANGED IN A YOKE WHICH SLIPS OVER THE 
NECK OF THE “ ICONOSCOPE M THE ASSEMBLED 
DEFLECTING UNIT IS SHOWN AT THE RIGHT OF 
THIS PHOTOGRAPH BESIDE THE TUBE 

Mr. Sarnoff said that the distance over 
which the experimental programs had 
been received exceeded immediate expec¬ 
tations. He reported that in one instance 
the combination of a location favorable 
to reception and the exlreme height of 
the transmitter had enabled consistent 
operation of a receiver forty-five miles 
from the Empire State Building. Speak¬ 
ing of interferences encountered in the 
tests, Mr. Sarnoff said that they had been 
found to be mostly man-made, and there¬ 
fore susceptible of elimination. He also 
stated that RCA was planning to rear¬ 
range its television transmitting and re¬ 
ception equipment to advance from a 
basis of 343-line scanning to the higher 
definition of 441 lines. 

The demonstration recalled to many 
present how rapidly progress had been 
made in the new art, since all previously 
developed methods of mechanical scan¬ 
ning were discarded and work begun on 
the creation of a completely electronic 
system. The 4 4 Iconoscope, ” or eye of 
this system, which was developed by Dr. 
V, K. Zworykin in the RCA laboratories, 
has been brought to a high state of de¬ 
velopment. This is the device in which 



THE TELEVISION CAMERA 
The CONTROL AT THE left REGULATES the 
HEIGHT OF THE CAMERA ON ITS DOLLY. THE 
CONTROL AT THE RIGHT PROVIDES A RAPID VERNIER 
CONTROL OF FOCUS. THE LOWER, CENTER LEVER 
LS FOR STEERING TWO VIEW FINDERS ARE PRO¬ 
VIDED FOR THE CONVENIENCE OF THE OPERATOR 
IN FOLLOWING OBJECTS OR SCENES AT DIFFER¬ 
ENT HEIGHTS. 

light from the image to be transmitted 
falls upon a plate covered with hundreds 
of thousands of tiny, mutually insulated 
photoelectric particles, each one of which 
forms one electrode of a condenser which 
is capable of collecting an electrostatic 
charge independently of its neighbors. 
When traversed by an electron beam to 
accomplish scanning, each condenser 
gives up its electric charge to produce an 
electric signal impulse whose intensity 
varies in proportion to the accumulated 
charge. That energy is amplified and its 
product ultimately employed to modu¬ 
late the television transmitter. The in¬ 
dividual photo-electric particles on the 
plate of the “Iconoscope” are so small 
that the scanning beam, whose diameter 
is only a fraction of a millimeter, is cal¬ 
culated to cover more than a hundred of 
them at any one instant. 

The heart of a television receiver in the 
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EGA system is the “Kinescope,” or 
cathode ray tube. This is the tube in 
which an electron beam moves across a 
flat surface of luminescent material in its 
end, lighting it up as it goes in propor¬ 
tion to the light and shadow of the pic¬ 
ture being reproduced 

Some of the work now being done in 
the EGA laboratories toward the creation 
of more efficient equipment for television 
reception was discussed in a paper pre¬ 
sented on October 31 before a joint meet¬ 
ing of the American Physical Society 
and the Optical Society of America by 
II W Levereriz, who is associated with 
Dr. Zworykin in electronic research. Mr 
Leverenz’s paper described efforts to pro¬ 
duce more efficient luminescent mate¬ 
rials, one result of which would be 

THE NON-INHERITANCE 

The prevailing concept that the al¬ 
lergic diseases are inherited was refuted 
by Dr Bret Ratner, clinical professor of 
children’s diseases at the New York Uni¬ 
versity College of Medicine, in a paper 
presented before the Association for the 
Study of Allergy at its fourteenth an¬ 
nual meeting in Kansas City. 

His conclusions, based upon investiga¬ 
tions covering a period of fifteen years, 
indicate that susceptibility to allergic 
diseases is not transmitted through germ- 
plasm, or the genes, which are the car¬ 
riers of hereditary traits. Allergic dis¬ 
eases, including asthma, hay fever, ec¬ 
zema and urticaria, are acquired by the 
individual under certain circumstances 
from the inhalation of pollens, animal or 
vegetable dusts, or contact with them, or 
from the ingestion of foods. 

In an intensive study of 250 allergic 
children and 315 normal children and 
their respective families, Dr. Ratner has 
shown that the incidence of allergy in 
the family of the allergic child is ap¬ 
proximately the same as that of the nor¬ 
mal child. 

Prom 7 per cent, to 10 per cent, of the 


brighter images on screen of a cathode 
ray tube in a television receiver. 

It was apparent from Mr. Leverenz’s 
paper that radio science, not finding 
needed materials in existence, has had 
to engage in chemical research, to build 
special laboratories and to seek to create 
new combinations of crystalline struc¬ 
tures by rearranging their molecules 
One fact which this research has already 
turned up is that absolute xmrity of ma¬ 
terials used in experimentation does not 
necessarily make for the most efficient 
results in their use m cathode ray tubes. 
Tt is, however, highly important to be 
able to control very accurately the addi¬ 
tion of any foreign or “impure” sub¬ 
stances which may make for the produc¬ 
tion of more light in the tube's . F. M. 

OF ALLERGIC DISEASES 

total general population are afflicted. 
His observations also show that only 
rarely is there a so-called allergic family 
in which a large proportion of the mem¬ 
bers are allergic. About *50 per cent, of 
the families, both of allergic and normal 
children, show no allergy in their lineage. 
There was found to be an average of 2.5 
members per family suffering from al¬ 
lergy. No conformity with the simple 
Mendelian laws of inheritance in allergic 
case histories was found. 

Approximately half of the children 
studied showed symptoms of allergy in 
the first year of life and practically all 
the children manifested their allergic 
symptoms before the eighth year. The 
development of allergy in children is to 
a large extent due to chance. The pro¬ 
duction of allergic syndromes depends 
upon the amount of protein to which the 
individual is exposed, the state of perme¬ 
ability of the mucous membrane which 
ordinarily acts as a barrier, the ability 
of the body to rid itself of invading pro¬ 
tein substances and the intervals at 
which stich exposures occur. 

This concept is borne out by many 
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years of experimental work in which Dr. 
Ratner and his coworkers actually pro¬ 
duced asthma in the guinea pig* This 
was consummated by subjecting the ani¬ 
mals to a special environment containing 
antigenic dusts The animals inhaling 
such a dust show no symptoms after sev¬ 
eral hours’ exposure. When returned 
to the same environment two or three 
weeks later these animals develop dysp¬ 
nea and show all the symptoms of 
asthma The reproduction of a disease 
such as asthma, under experimental con¬ 
ditions, precludes the necessity for re¬ 
garding it as dependent upon hereditary 
factors. 

Dr. Ratner and his coworkers also 
demonstrated that a child may become 


sensitized in the uterus of the mother as 
a result of undigested foo^l proteins en¬ 
tering Iter circulation and thence travers¬ 
ing the highly permeable placenta, and 
thus invading the fetal circulation. Chil¬ 
dren manifesting allergic symptoms upon 
first contact with a new food have not 
necessarily inherited such an intolerance, 
but have acquired their allergic state 
congenitally. 

The hope held out by these studies is 
that in so far as susceptibility to allergic 
diseases is not proven to be inherited 
through germ plasm, proper preventive 
measures can be instituted to control and 
to a large extent eradicate this common 
ailment winch is present in every tenth 
person M. S. 


METHYLENE BLUE AS AN ANTIDOTE FOR CYANIDE AND CARBON 

MONOXIDE POISONING 


In former days potassium cyanide was 
notorious as a fatal poison It has the 
property of uniting w ith the hemoglobin 
or red coloring matter of the blood and 
of preventing it from transferring oxy¬ 
gen to the tissues. Since the tissues can 
not survive without oxygen, asphyxiation 
and death take place In 1932 it was 
announced by the writer at the Univer¬ 
sity of California, Berkeley, California, 
that the aniline dye, methylene blue, 
should be used as an antidote for cyanide 
poisoning This was deduced theoreti¬ 
cally from a study of evidence gathered 
from experiments of other scientists, to¬ 
gether with those which the writer per¬ 
formed on rats and rabbits. 

This dye has been used for purpose^ 
of staining in histology for a long time. 
There are several impure varieties or un¬ 
suitable forms such as the double zinc 
salt which should be avoided. Only 
U.S.P. medicinal or chemically pure dyes 
should be used. The solution is most 
effective when made up fresh before us¬ 
ing. Preferably the amount of dry dye 
to be used should be on hand and the 


mixing in distilled water should be done 
just before using, as an aqueous solution 
oxidizes rapidly. An intravenous in¬ 
jection of 50 cc of a 1 per cent solution 
is usually successful In some cases a 
second dose or even more may be admin¬ 
istered after a short interval of tune 

Physicians have been slow to adopt this 
therapy. A few months after the writ¬ 
er’s announcement at a meeting of the 
Society for Experimental Biology and 
Medicine in Berkeley that methylene 
blue should be used in eases of cyanide 
poisoning, three policemen were brought 
into the emergency ward of a San Fran¬ 
cisco hospital poisoned by liquor. There 
was a distinct odor of cyanide about 
them, and the stomach contents showed 
that cyanide was present. The old meth¬ 
ods outlined in the texts failed to pro¬ 
duce any revival and the men died. The 
methylene blue treatment had not yet 
been recognized by the American Medi¬ 
cal Association, and the information was 
therefore not available to physicians. 

A few months after this a despondent 
student took cyanide and was likewise 
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brought into the emergency ward. Dr. 
Geiger, the physician in charge, tele¬ 
phoned various people to find out what 
to do and happened to call one of the 
men who had heard about this treatment. 
Nothing was to be lost in administering 
the methylene blue as the man was al¬ 
most dead. His respiration had stopped 
and the heart sounds Mere barely audible. 
He M r as eyanosed and cold. Quickly 
they mixed up a 1 per cent, solution of 
methylene blue and injected it intra¬ 
venously Before the injection M T as com¬ 
pleted the man began breathing, regained 
consciousness, opened his eyes and talked. 
In a few T hours he M'as normal and told 
his story of disappointment. Since this 
first case a number of others have been 
revived from death by cyanide poisoning. 
The latest case w r as that of a man who 
drank two ounces of hydrocyanic acid 
in San Francisco last June He was 
brought to the operating table one half 
hour afterwards, rigid and motionless 
The breathing had stopped and no pulse 
beat could be detected. After the in¬ 
jection of methylene blue he recovered 
rapidly. This was the first case in which 
a man haa lived after drinking the poison 
in the acid form. 

Since hydrocyanic acid is used in the 
mining of gold, in spraying fruit trees 
and in fumigation of ships, accidents 
can be minimized by having this antidote 
ready in case of emergency. 

It has also been found by the writer 
that methylene blue is an antidote to 
carbon monoxide poisoning and has been 
used in resuscitating a number of vic¬ 
tims. Since the affinity which hemo¬ 
globin has for carbon monoxide is about 
800 times that for oxygen, the hemo¬ 
globin is unable to function in trans¬ 
ferring oxygen. Without oxygen, life 
can not go on; the tissues become as¬ 
phyxiated and death results. In addi¬ 
tion to the fact that the hemoglobin can 
not function, the respiratory enzyme 


which is a link in the transfer of oxygen 
to the tissues is poisoned and the chain 
of oxidation is stopped at this point also. 
Methylene blue, which acts as an oxygen 
carrier by virtue of its ability to become 
reversibly oxidized and reduced, pre¬ 
sumably takes the place of the hemo¬ 
globin and the respiratory enzyme until 
these are able again to perform their 
normal functions. 

The importance of prompt treatment, 
especially in the case of carbon monoxide 
poisoning, is seen when one considers the 
effects of oxygen lack on such sensitive 
cells as are found in the brain and kid¬ 
ney. Irreversible injury takes place m 
a very short time. Permanent damage 
may result in loss of memory or im¬ 
proper elimination by the kidney The 
injection of methylene blue hastens re¬ 
covery and eliminates the long delay in¬ 
volved when carbon monoxide* poisoning 
is treated by the inhalator method In 
the Journal of the American Medical 
Association is the history of several cases 
treated by methylene blue with controls 
which happened to be present. In the 
one instance two victims of carbon 
monoxide poisoning were brought into 
the emergency ward; the more severe one 
was given the methylene blue injection 
while the other one was not treated by 
this method. The latter required many 
hours to recover and was still suffering 
from the effects while the former had 
completely recovered. In another in¬ 
stance, five victims were taken to the hos¬ 
pital at Los Angeles. The two most se¬ 
vere eases were given the methylene blue 
injection and the others were not, with 
the result that the treated eases recov¬ 
ered, while those not receiving treatment 
were still suffering from the poison. 

In conclusion it may be stated that, in 
cases of poisoning by either cyanide or 
carbon monoxide, methylene blue injec¬ 
tions have been shown experimentally 
and clinically to be an effective antidote. 
Matilda Moldenhaukr Brooks 
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